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FINAL REPORT

STATE: GEORGIA PROJECT: F-31-6
PROJECT TYPE: SURVEY

STUDY TITLE: ©Population Dynamics and Life History Aspects of Major
Marine Sportfishes in Georgia's Coastal Waters.

PERIOD COVERED: 1 July 1978 - 30 June 1983,

STUDY OBJECTIVES: 1) To conduct a comprehensive study of seasonal
movements and migration patterns of the eleven
most important inshore marine recreational
species of sportfishes. IR

2) To determine age and growth characteristics
(time of annulus formation, size at various
annuldi, rates of growth, etc.) of the eleven
target species.

3) To determine the food preferences and feeding
habits of the target species and determine if
seasonal and/or developmental changes in habits
or diets occur.

4) To determine the reproductive characteristics
(time of spawning, location of spawning, age
at maturity, fecundity, etc.) of the target
species.
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ABSTRACT

Various aspects of the life histories of 11 species of Georgia's
inshore marine recreational sportfishes were investigated in the coastal
waters of Glynn County from July 1978 through June 1982, to establish a
data base to be used in'making future management decisions concerning
Georgia's marine recreational fishery. Species selected for study were
spotted seatrout (Cynoscion nebulosus), weakfish (C. regalis), red drum
(Setaenops ocellatus), black drum (Pogonias cromis), southern flounder
(Paralichthys lethostigma), summer flounder (P. dentatus), sheepshead
(Archosargus probatocephalus), Atlantic croaker (Micropogonias undulatus),
spot (Letostomus wxanthurus), southern kingfish (Menticirrhus americarnus),
and gulf kingfish (M. Iittoralis). Movements and migration patterns were
determined through mark-recapture (tagging) studies; age and growth were
determined through scale and otolith examination techniques; maturity and
spawning information were determined through direct examination of the
gonads; and feeding habits were determined through analyses of stomach
contents. A summary of findings and management recommendations are also

included.
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i

INTRODUCTION

Georgia is unique among other coastal states in both its fishery
resources and its user groups. The vast expanse of saltmarsh vegetation
and the associated network of tidal creeks and rivers create an ideal
nursery system for countless species of fish and invertebrates. Con-
sequently, these areas harbor excellent opportunities for coastal anglers
who prefer fishing in protected inshore waters. Georgia is also unique
among other coastal states in that the finfish fishery is practically
devoid of competition from commercial fishing operations in inshore
waters, giving the recreational fishing community complete access to
the resource.

Georgia has no commercial pound netting or haul seining, and gill-
netting is prohibited except for shad and sturgeon during the open
season for these species. Furthermore, only shad or sturgeon may be
kept during gillnetting activities, and any other species captured must
be immediately released unharmed. Considering the absence of competi-
tion from commercial interests, Georgia's recreational hook and line
fishermen literally have their cake and are able to eat it too.

Georgia's offshore recreational fishing is focused primarily around
nine artificial reefs constructed in the early 1970's, around the scat-
tered patches of "live bottom'" areas such as the Gray's Reef National
Marine Sanctuary off Sapelo Island, and those patches farther offshore
from Savannah, St. Catherines Island and Brunswick. Those fishermen
with larger offshore fishing boats quite often venture out to the Gulf
Stream approximately 80 miles offshore. Both demersal groundfishes
and migratory pelagics occur in fair numbers in offshore waters along
Georgia's coast. Dominant offshore bottom fishes include seabasses,
snappers, groupers, porgies, grunts and sheepsheads, and major pelagic
species include bluefish, king and Spanish mackerel, cobia, greater
amberjack, dolphin, Atlantic sailfish, white and blue marlin, and

swordfish.



The inshore recreational fishery is centered primarily in the sounds
and major rivers during the warmer months and in the rivers and creeks
during the colder months. Surf fishing is limited, and takes place almost
exclusively during warm months and during fair weather, and most of the
prime surf fishing areas are accessible only by boat.

Most inshore fishing effort is directed toward sciaenid fishes with
most effort focused on the spotted seatrout. Other fishes actively pur-
sued include red and black drum, flounders, kingfish or "whiting', croakers,
sheepshead, and bluefish. Generally, spots are relatively small and very
little effort is directed toward them.

Excellent opportunities are afforded the Georgia inshore angler as
there are currently no saltwater license fees, no creel or size limits,
and the fish are comparable in size with those of other states. State
records comparing Georgia fish with record fish from other states are
presented in Table 1. The particular fish species being socught and the
specific method employed to capture them changes seasonally, but good
inshore fishing can generally be found throughout the year. The primary
techniques employed by Georgia anglers and the baits used to catch each
species are presented in Table 2.

Although there is no legal gillnet fishery in Georgia other than for
shad and sturgeon, a variety of fish are landed and sold annually by
other methods. Many groundfish are sold as by-catch from commercial
shrimp fishing operations. This by-catch consists primarily of flounders,
weakfish or "summer trout", kingfish or "whiting", croakers and spots.
However, two of the most popular sportfish species, spotted seatrout and
red drum, are rarely taken by trawlers. In addition to by-catch sales
many fish are caught and sold annually by hook and line fishermen pos-
sessing personal commercial fishing licenses and who elect to sell all
or a portion of their catches. The spotted seatrout is the primary
target of inshore anglers and is consequently the species most frequently
sold by hook and line fishermen. However, most other species are sold
as well. Although Georgia's commercial finfish landings records are not
recorded by commercial gear type, annual commercial landings of the major

inshore recreational species since 1960 are presented in Table 3.
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With the current population expansion along the coast and its
accompanying demand on the finfish stocks now and in the future, fishery
managers need technical information on the life histories of these sport-
fishes to facilitate proper management decisions for regulating the
harvest. In order to gain much needed baseline data on the inshore
fishery the Georgia Department of Natural Resources initiated this study
in July 1978 to analyze certain life history aspects of the:él major
species caught by Georgia's inshore anglers. Data were collected on
movement and migration, age and growth, feeding habits, maturity and
spawning as well as other information related to Georgia's inshore sport-
fishery as it exists today. The local names, accepted common names and
scientific names of these inshore sportfish targeted for study appear in
Table 4. Information is presented in this paper. to be of benefit to
anglers and laymen as well as to fishery managers and the scientific

community.
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METHODS AND MATERIALS

The coastal area of Glynn County lies within the western-most portion
of the South Atlantic bight (Figure 1). Glynn County is in the center of
the Georgia coast and 1s typical of the entire Georgia coast in that it
has a four to six mile expanse of marshland separating the mainland from
the outer barrier islands. This band of marshland comprises approximately
159 thousand hectares (393 thousand acres) with nearly 116 thousand hect-
ares (286 thousand acres) covered by a single species of marsh prass, known
as saltmarsh or smooth cordgrass, Spartina alterniflora Loisel (Spinner,
1969). The coastal marshes are subjected twice daily to tides of approxi-
mately the same height, normally ranging from 1.8 to 2.4 meters (6 to 8
feet). Greatest tidal amplitude occurs during the fall when tides often
reach or exceed 3 meters (9 feet). The grain size of sediments in the
-marsh range from clay to fine sand, and the marsh soils are normally
neutral to slightly alkaline (Johnson et al., 1974).

The study area was divided into four sectors for comparative purposes.
The four sectors included: 1) creek sector, consisting of the smaller
creeks and rivers usually located in the upper portion of the estuary;

2) sound sector, consisting of the sound and adjacent major rivers; 3) beach
sector, consisting of tpe beaches and outer bars and shoals, and 4) offshore
sector, consisting of offshore waters beyond the outer bars. Sampling in
the offshore sector was limited to collection of specimens for age and re-
production analyses.

The fish collected for tagging and laboratory analyses were captured
through the use of gill nets, trammel nets, seines, traps, cast nets,
trawls, spear guns and conventional hook and line gear. The various mesh
sizes of net types utilized are listed in Table 5.

Fish collected for tagging were taken directly from the nets and
placed in a holding bag suspended in ambient water (Figures 2 and 3).

Before tagging, all fish were individually inspected for injuries, and

()

()



)

(N

L0

i

Q)

JEKYLL

ISLAND
si* o8’
e1* 20’
P y———
01 23 45
NAUTICAL
MILES
.‘I
REEF
CUMBERLAND
ISLAND

Figure 1. Study area within coastal waters of Glynn County,

Georgia.




Table 5. Description of net types.

Gear Type

Gear Specifications

Gill Net (1) in.)
Gill Net (2 in.)
Gill Net (2-7/8 in.)
Gill net (3% in.)
Gill Net (4—5/8 in.)

Trammel Net

Trawl
Trawl

Cast Net
Cast Net
Seine (1/8 1in.)

Seine (1% in.)

Stretched mesh, 1l)% in.; meshes deep, 50;
twine, #139 monofilament; net length, 10 yd.;
leadline, 50 1b. Samson; floatline, % in.
polyethylene corkline.

Stretched mesh, 2 in.; meshes deep, 40; twine,
#177 monofilament; net length, 35 yd.; leadline,
50 1b. Samson; floatline, % in. polyethylene
corkline.

Stretched mesh, 2-7/8 in.; meshes deep, 50;
twine, #208 monofilament; net length, 200 yd.;
leadline, 75 1b. Dura; floatline, 2-3/8 in.
polyfoam floats on 3/8 in. polyethylene line.

Stretched mesh, 3) in.; meshes deep, 25;
twine, #208 monofilament; net length, 165 yd.;
leadline, 85 1b. Dura; floatline, % in. poly-
ethylene corkline.

Stretched mesh, 4-5/8 in.; meshes deep, 35;
twine, #208 monofilament; net length, 200 yd.;
leadline, 85 1lb. Dura; floatline, 3 in. poly-
foam floats on 3/8 in. polyethylene line.

Stretched mesh, 2 in. inner panel and 8 in.
outer panels; meshes deep, 60 inner panel and

8 outer panel; twine, #209 nylon inner panel
and #9 nylon outer panel; net length, 100 yd.;
leadline, 75 1b. Samson; floatline, #125 plastic
floats (1 x 4 in.).

One 40 ft. flat ottef trawl with 1-7/8 in.
stretched mesh webbing and 1-3/4 in. stretched
mesh bag with 48 in. doors.

One 10 ft. flat otter trawl with 1) in.
stretched mesh webbing and lX% in. stretched
mesh bag with 30 in. doors.

Seven foot with 2 in. stretched mesh webbing.
Six foot with 1 in. stretched mesh webbing.

Mesh, 1/8 in. braided with nylon twine; net
length, 12 ft.; net depth, 4 ft.

Stretched mesh, 1% in.; meshes deep, 50; twine,
#208 monofilament; net length, 33 yd.

10
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Figure 2. Gillnetting activities.

Figure 3. Fish 'holding bag" showing float with suspended net.
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only active, apparently unharmed fish were measured and tagged. Most
creel size specimens were tagged with internal anchor tags manufactured
by the Howitt Plastics Company of Molalla, Oregon. Small fish (<160 mm)
were tagged with Floy FD-68BC internal anchor tags manufactured by Floy
Tag and Manufacturing, Inc. of Seattle, Washington. A total of 116 creel
size fish were double tagged with both Howitt and Floy tag types in order
to make tag retention comparisons. Tagged fish were released in the area
of capture.

The internal anchor portion of the Howitt tags were oval plastic

disks measuring 6 x 25 x 0.8 mm (.25 X 1 X .03 in.) with a2 1.9 mm (0.76 in.)

hole in the center of the disk. The streamer portion of the tag was con-

structed from 2 mm diameter vinyl spaghetti tubing cut in 75 mm lengths.
Streamers were heated on one end and flattened to form anailhead shape.
The streamer was then passed through the hole in the tag disk and locked
in place (Figure 4). Each tag in the first set of 5,000 tag disks was |
marked on both sides. One side was marked: '"REWARD, SEND TAG, DATE,
EXACT LOCATION, LENGTH, HOW CAUGHT AND BAIT USED TO:" and the other with
"COASTAL RESOURCES DIVISION, 1200 GLYNN AVENUE, BRUNSWICK, GEORGIA 31523"
and included the tag serial number. Each tag in the second set of 5,000
tag disks was marked identically to first set except "LENGTH" was deleted
and "PHONE" added. This change was made because many of the lengths re-
ported by those catching tagged fish were reported as approximate or
estimated lengths which could not be used fof growth measurement. Tele-
phone numbers were included to obtain more accurate information than was
reported from tags returned in the mail. ]

Insertion of the Howitt tag was accomplished by making a small in-
cision, approximately 8 mm in length, through the ventral musculature of
the abdominal wall midway between the left pelvic fin and anal vent
(Figure 5). The tag disk was inserted lengthwise into the body cavity
with the streamer portion protruding from the ventral body wall (Beau-

- mariage and Wittich, 1966; Bruger, 198l). For small fish approximately
225 mm or less in length, the Howitt streamer was shortened to approxi-

mately 50 mm.

12
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Figure 4. The Howitt and Floy internal anchor tags.

Figure 5. Insertion of the disk portion of the Howitt tag was accomplished
by making a small incision through the ventral musculature of
the abdominal wall and inserting the disk lengthwise into the
body cavity.
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Floy FD-68BC, T-lock internal anchor tags were comprised of #20 size
tubes with monofilament inserted through and secured. The dimensions of
the tags were 105 mm overall with a tube length and diameter of 70 and
1.8 mm, respectively (Figure 4). A total of 4,000 Floy tags were divided
into three color groups: 2,000 orange, 1,000 green and 1,000 blue. The
tube portion of the Floy tag was marked on both sides; one with "REWARD
FOR TAG, DATE, LOCATION, BAIT, GEAR" and the other with "MAIL TO DEPART-
MENT OF NATURAL RESOURCES, 1200 GLYNN AVENUE, BRUNSWICK, GEORGIA" and
included the tag serial number. The Floy FDM-68 tagging gun with stain-
less steel needle, cutter bar and ram was used to insert tags. The
- tagging needle was inserted to a maximum depth of 27 mm. Floy tags were
inserted on the dorsal left side of the fish just below the dorsal fin
(Figure 6). The T-lock portion was inserted between the interneural
spines (Pterygiophores) to insure that the locking portion was firmly
in place. Figures 7 and 8 show the location and position of both internal
tag types attached to fish.

The tagging process was begun immediately after all fish were removed
from the nets and the following information was recorded: year, date,
location, salinity, water temperature, barometric pressure, tidal stage,
moon phase, gear type, bait, tag number, and total length of each fish.

A random sample of the targeted species caught plus any injured fish were
placed on ice and transported to the laboratory for ageing, reproduction
and food preference studies. Surface water salinity was measured with an
American Optical refractometer and surface water temperature was measured
with an immersion thermometer. Fish length was measured to the nearest
millimeter. Total lengths of fish possessing rounded caudal fins were
measured from the tip of the head to the end of the longest median rays.
Natural tip total lengths (NTL) were taken for sheepshead and spot and
defined by Ricker and Merriman (1945) as the length from the tip of the
head to the posterior edge of either lobe of the fork tail, whichever is
longer, when lying in a natural position. The fork length was defined
.by Ricker and Merriman (1945) as the length which lies on a continuation

of the line formed by the posterior half of the main vertebral axis from

14
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Figure 6. Floy tags were inserted on the left side just below the post-
erior portion of the dorsal fin.

Figure 7. A double-tagged red drum
streamers.

showing typical appearance of tag
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the tip of the head to the middle of the fork of the caudal fin. Unless
stated otherwise, all lengths are total length measurements.

Information recorded upon recapture included tag number, location
and date of recapture, gear type, and bait used. Also, the fisherman's
address and phone number were obtained in order to send a reward, letter
of appreciation, and release information concerning the recaptured fish.
When available, length, sex, and tag streamer conditions were recorded.

Initial tag reward values of $1.00, $5.00 and $10.00 were assigned
through a restricted randomized system developed by North Carolina State
University's Institute of Statistics. The $1.00 rewards were increased
to $2.50 after the first year in hopes of higher return rates. As of
September 9, 1983, a total of $1,833.50 had been paid to fishermen for
tag rewards. Publicity for the tagging study was accomplished through
news releases in coastal counties, through talks to civic and sportfishing
clubs, and through distribution of tag reward posters at sporting goods
stores, marinas, docks and launching sites (Figure 9).

Fish collected for laboratory dissection were immediately placed on
ice for approximately 4 to 18 hours prior to processing., Pafford (1983)
determined the shrinkage of striped mullet (250 to 290 mm) after 18 hours
on ice was 1.3 percent of the total length of the live fish. Therefore,
percent of shrinkage was considered insignificant. Environmental param-
eters aﬁd gear data recorded during the tagging activities were also
recorded for fish sacrificed for laboratory analyses. TFish captured for
laboratory analyses were weighed and measured; the stomachs, otoliths,
and scales were removed; and the sexes, étages of gonadal development,
and fecundities were determined. All fish weighing over 100 g were
weighed to the nearest gram, and specimens weighing 100 g or less were
weighed to the nearest 0.1 g. In addition to natural tip total lengths,
fork lengths (FL) were taken to the nearest millimeter on a random sample
of 154 sheepshead (length range: 95 to 527 mm FL) and 100 spot (length
range: 123 to 237 uwm FL) for conversion purposes. To convert natural
tip length to fork length, the conversion values of 0.94 for sheepshead

and 0.95 for spot were determined to be applicable.
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Length-weight relationships were fitted by the general parabola
A =>aLb (Ricker, 1975). The coefficients "a" and "b" were determined
from regressing log A on log L.

Scale samples were taken from behind the left pectoral fin (Miller,
1966; Barger and Johnson, 1980). The sagittal otoliths were exposed to
forcep removal by cutting and removing portions of the parasphenoid and
prootic bones. The sacculus membrane was removed from each otolith.
Upon removal, scale samples and otoliths from each fish were immediately
placed together in labeled vials containing 70% ETOH for later processing
and ageing. This prevented scale samples from drying and cracking be-
fore pressing.

Scale samples were taken directly from the alcohol, cleaned, and
placed between labeled:' cellutose plastic sheets measuring 25 x 75 x 0,60
mm (Cellutone Plastics, Inc., New York, N.Y.). The scales were pressed
at SOOC, 15,000 psi for 10 seconds in a Carver laboratory press (Fred S.
Carver, Inc., Menomonee Falls, WI) as shown in Figure 10. Large scales
(>20 mm dia.) were placed between 3 to 5 cellutose slides and pressed
for approximately 1.5 minutes. After pressing, sample numbers were
etched on the slides, and the scale impressions along with the otoliths
were stored in labeled coin envelopes. Scale impressions were viewed
under a binocular microscope at 40X magnification. For meticulous
observations, the larger scale images were also viewed on an Eberback
fish scale projector (Eberback Corporation, Ann Arbor, MI) at 48X magni-
fication.

A minimum of two scales were examined from each fish for recur-
ring circuli pattern comparisons to aid in ring or annuli identification.
In general, these recurring patterns of closely spaced or sudden breaks
in the pattern of circuli were considered to be "true" annuli or year-
marks (Klima and Tabb, 1959; Miller, 1966; Lux, 1971). Usually, the
breaks in circuli can be identified from other incidental marks or
false rings when severgl scales from the same fish are examined. Also,
annuli may consist of straight circuli between radii, new circuli cut-

ting over the incomplete circuli, and breaks or disconformities

18

(

(i



R R N b

Figure 10. Carver laboratory press used to make scale impressions on
cellutose plastic sheets.
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in circuli forming completely around the lateral and anterior portions
of the scale (Figure 11). Cutting over occurs where more recent cireuli
appear to cut across several other incomplete, older circuli in the
lateral field. Scale increment measurements were made with an ocular
micrometer in millimeter units. Increments were counted and measured
diagonally from the focus to the edge of the scale (Klima and Tabb,
1959; Hofstede, 1974; Richards, 1973) (Figure 12).

Otoliths were cleaned, dried, and stored with the scale impressions
in open-end coin envelopes. For age determination, whole otoliths of
southern and summer flounder, spot and sheepshead were immersed in a
small black dish containing cedarwood o0il and examined under reflected
light (Lux, 1971; Williams and Bedford, 1974). Otoliths from these
species were viewed under a microscope at 20X magnification. Otolith
ring counts were made from the center of the core to the edge of the
otoliths with the concave side up (Figure 13). Otoliths of spotted
seatrout, weakfish, croaker, red and black drum and southern and gulf
kingfish were cross-sectioned through the core into 0.45 mm (0.018 in.)
wafer sections using an Isomet low speed saw (Buehler Ltd., Evanston,
IL) with a 0.012 in. thick diamond-edge wafering blade (Figures 13
and 14). Due to the difficulty in handling, small otolith sections
(<3 mm dia.) were mounted on labeled acetate slides for viewing. These
were viewed at 40X magnification with transmitted light. Larger oto-
lith sections were placed in cedarwood oil and viewed at 20X magnifi-
cation. For ease of scale and otolith ring count comparisons, the
hyaline zone was counted as the end of one year's growth (Lux, 1971;
Bortone and Hollingsworth, 1980).

Otoliths and scales were examined twice. Tf the two counts did
not agree, a third reading of the questionable structure was made.
Disagreement after three readings precluded the use of the structure
in age and growth analyses. Otoliths and scales from each fish were
examined independently and compared for documentation of ageing methods.
Errors most often arose by missing the first annulus or with closely

spaced annuli of older fish.
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A. Spotted seatrout B. Sheepshead

C. Black drum D. Atlantic croaker

Figure 11, Photographs A, B and C show formation of annulus
by more recent circuli cutting over older circuli
in the lateral portion of scales. Photograph D
shows disconformities of circuli during formation
of annulus.
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Figure 12. Scale of a two year old spotted seatrout. Roman numerals
indicate annuli, "F" denotes focus, and marginal increment
(MI) is from the last annulus to the edge of the scale.
Solid line illustrates the direction of increment measure-
ment.
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A. Spot B. Southern flounder

C. Spotted seatrout D. Black drum

Figure 13. Whole and sectioned otoliths ag viewed with reflected and
transmitted light. Otoliths A, B and D were illuminated
from above and viewed against a dark background. Otolith C
was illuminated from below by transmitted light.
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The mean monthly growth of marginal increments on scales for each
species was calculated by age to validate the time of annulus formation
and the number of rings formed annually. Calculations were performed
on all age groups; however, lack of sufficient monthly numbers of older
age classes limited documentation of the time and number of increment
formations necessary for ageing older specimens of red drum and black
drum. To gain additional data to validate the number of increments
formed annually, scale samples were taken from 104 red drum and 59 black
drum at the time of release. Upon recapture scale samples were again
taken and compared with scales taken at release.

To determine whether fish length/scale radius relationships were
sufficiently linear to warrant direct proportion calculations, least-
squares regression analyses were performed for each species. Relatively
high r2 values indicated relationships were significantly linear and
that growth of the scales was isometric with growth of body length.
Therefore, body 1engths'at'time of annulus formation were back calculate

-

with the use of the direct proportion formula L™= §~X L (Broadhead, 1958

Klima and Tabb, 1959; Smith, 1969). The lengths for each age were calcu

lated as follows:

L” = the length of the fish when annulus ith was formed.
S” = the length of the scale radius to the ith annulus.
S = the total length of the scale radius.
L = the length of the fish when sampled.

Length-age relationships were fitted by the general parabola A = aL
The coefficients "a" and '"b" were determined by regressing log A on log

Fish stomachs were removed and individually wrapped in cheesecloth
with coded plastic identification labels and preserved in 10% buffered
formalin solution. Stomachs were placed in Nalgene jars for later con-
tent identification.

Texas Instruments, Inc. (Dallas, Texas) was contracted to identify

stomach contents of fish collected from January 1979 through May 1979.

d

b

L.

Project personnel identified stomach contents of all other fish examined.
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Contents of each stomach were placed in glass bowls and examined
under a binocular microscope at 10X magnification. Food items were
identified to lowest possible classification. The number of stomachs
examined for each species was dependent on the total number of speci-
mens captured and the number of samples necessary to statistically
validate conclusions drawn from stomach analyses.

To facilitate comparisons of stomach contents with food items
available in the capture area, five minute trawl tows (using a three
meter trawl with a 12.5 mm stretched mesh body and 6 mm knit mesh bag)
and benthic samples (using a petite Ponar grab) were taken from January
1979 through June 1980 to capture available food items. 1In addition,
10 minute plankton net tows (using a % m diameter plankton net with
505 micron mesh) were made to capture the available food items during
1979. Texas Instruments, Inc., also identified the first five months
of the plankton samples. Plankton sample identification was discon-
tinued after the initial five month period.

The sexes and stages of gonadal development were classified through
gross examination. Sex waé determined as juvenile, female, or male.
Gonad developmentél stages were determined using Hjort's scale of
maturities as a guide (Table 6). For clarity, maturity refers to the
size at which sex could be determined through gross observation while
spawning refers to fish with reproductively developing gonads preceding
and including spawning.

Subsamples of stage V gonadal tissue were removed and the eggs
counted and compared with whole gonads to determine fecundities. One
gram segments were taken from the anterior, medial and posterior sections
of both the left and right ovary. Egg counts from each segment were
averaged to determine the mean number of eggs per gram. The fecundity
was then determined by multiplying the mean by total ovary weight
(Lehman, 1953; Street, 1969).

All data were coded and entered into the IBM 370 computer at the
University of Georgia via the remote entry terminal at Coastal Resources
Division, Brunswick, Georgia. Statistical anquses were conducted by
the Statistical Analysis System (SAS) package of programs (Helwig and
Council, 1979). '

26

()

()



wr

Table 6. Hjort's scale of maturities for classifying the reproductively
developing states of sexual organs.

Reproductive
Stage Stage Description

I Virgin individuals. Very small sexual organs
close under vertebral column. Wine-colored tor-
pedo-shaped ovaries about 2-3 cm long and 2-3 cm
thick. Eggs invisible to the naked eye. Whitish
or greyish brown knife-shaped testes 2~3 cm long
and 2-3 cm broad.

1I Maturing virgins or recovering spents. Ovaries
somewhat longer than half the length of the ventral
cavity about 1 cm diameter. Eggs small but visible
to naked eye. Milt whitish, somewhat bloodshot,
same size as ovariles, but still thin and knife-
shaped.

III Sexual organs more swollen, occupying about half
the ventral cavity.

v Ovaries and testes nearly filling 2/3 ventral cavity.
Eggs not transparent, milt whitish swollen.

v Sexual organs filling ventral cavity. Ovaries with
some large transparent eggs. Milt white, not yet
running. :

VI Roe and milt running (spawning).

VII Spents. Ovaries slack with residual eggs. Testes
baggy, bloodshot. Doubtful cases are indicated
by quoting two stages e.g. "St. I-II, St. VII-II,
etc."

NOTE: The scale was used only as a guide to general classification of maturicy
stages.
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RESULTS AND DISCUSSION

SPOTTED SEATROUT

Spotted seatrout (Cynoscion nebulosus) range from Laguna Madre,
Mexico to south Florida in the Gulf of Mexico and along the Atlantic
coast from south Florida to New York (Fischer, 1978).

In Georgia, spotted seatrout are year—-round estuarine inhabitants,
moving in and out of the sounds with the changing seasons. In winter
months they prefer the creeks and rivers where overwintering shrimp and
juvenile fish are more abundant. During the cooler months, concentrations
of spotted seatrout are found in areas of oyster reefs and in mouths of
tidal creeks with shell and mud or sand bottoms. However, during spring
and summer months they frequent sand bottom areas on beaches and near
inlets. In general, spotted seatrout prefer shoreline habitat during all

seasons of the year.
Movement and Migration

From January 16, 1979 through June 22, 1982, 3,381 spotted seatrout
were tagged and released. Lehgth frequencies of tagged seatrout in 50 mm
length groups are included-in Table 7. Seatrout tagged with Howitt in-
ternal anchor tags ranged in length from 175 to 655 mm and those tagged
with Floy internal T-lock tags ranged 103 to 612 mm. Length frequencies
of seatrout tagged with each tag type are shown in Table 8. Of 3,38l sea-
trout tagged, 35 were tagged with both tag types in order to compare and
evaluate tag retention qualities. Table 9 lists the length frequencies
of spotted seatrout collected for tagging in 20 mm groups by gear type.

Tagged spotted seatrout were returned from January 27, 1979 through
July 1, 1983. Of 3,381 seatrout tagged, 456 (13.5%) were recaptured and
tags returned. Recovery rates, when separated into 50 mm length groups,
ranged as high as 17.6%. Information on the number of fish released and
recaptured, time at large, and distance traveled are shown in Table 7.

Time at large for spotted seatrout ranged from less than one day to 1,442
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days with an average at large time of 216.9 days. Distance traveled
ranged as far as 110 km with an average of 8.9 km.

Analyses of returns by tag type revealed the overall recovery rate
was 1576% for seatrout tagged with Howitt tags and only 1.47% with Floy
tags (Table 8). Also, recovery rdtes when separated into 50 mm length
groups, ranged as high as 24.0% with Howitt tags and only 2.8% with Floy
tags. Of 35 seatrout tagged with both tag types, only three were re-
covered. These three fish were at large from 97 to 249 days and oniy
Howitt tags were attached when recaptured. In general, éur recovery
data indicate the Howitt internal disk tags are more reliable than Floy
FD-68BC tags for long-term tagging studies. However, smaller fish can
be tagged and multiple recaptures can be made with Floy tags. A dis-
advantage of the Howitt tag is that most fish must be killed to retrieve
the tag. Return rates indicate that seatrout released during the fall
produced the highest survival for both tag types (Table 10).

Recreational fishermen were the major source of seatrout recoveries,
with 310 (68%) of the 456 returns. Only 4 (0.9%) returns were by com-—
mercial fishermen while study activities accounted for the remaining 142
(31.1%) recoveries (Table 11). Of the 310 recreational recaptures, 213
(69%) included sufficient information to determine lengths of creel size
fish. Lengths (TL) of recreational recaptures ranged from 268 to 735 mm
with an average size of 414 mm (Table 12). 1In general, length frequencies
of recaptured seatrout indicated most creel size fish ranged from 350 to
500 mm with the greatest percentage of recoveries between 350 and 400 mm
(Table 13).

Sufficient information was cobtained on 446 (98%) recaptured fish to
determine the estuarine sector location and season of recapture. The
creeks produced the highest return rate with 65.57% of all recaptures
(Table 14). This percentage was proportionally higher than the percentage
of trout that were released in this sector (41.7%). This higher recovery
rate may indicate several possibilities: 1) seatrout may remain longer
in the creeks than in the other sectors, thus a greater chance of recap-

ture, 2) greater fishing pressure in the creeks, and/or 3) most seatrout
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tagged in the sounds may be migrants moving to the beaches for spawning
or returning to the creeks. Due to weather conditions and accessibility,
spotted seatrout generally receive the least amount of fishing pressure
while on the beaches although they are abundant in these areas during

spring and summer. They seldom occur in offshore waters and fishing

pressure in these areas was virtually nonexistent. Sound and beach sectors

produced 125 (28.0%) and 29 (6.5%) recoveries, respectively. Seasonally,
the greatest percentage of recoveries were from the creeks during winter
(41.1%) and fall (31.9%) and on the beaches during spring (34.5%) and
summer (41.4%) (Table 15). Recovery rates in the sounds were over 26%
from spring through fall, but dropped to 16.8% in winter.

Georgia residents fishing in state waters accoﬁnted for 284 (92%)
of the 310 recreational recaptures. Of these Georgia fishermen, 245
(86%Z) traveled <40 km to reach their "fishing dfOp" or location of fish
recapture while approximately 987 traveled <160 km (Table 16).

The principal bait used by recreational fishermen to catch spotted
seatrout was live shrimp. Approximately 647% of all recaptures caught
by recreational fishermen were on live shrimp, and an additional 5% were
taken on dead shrimp (Table 17). Artificial lures accounted for 27% of
the returns and were primarily used during the colder months when small
shrimp (<110 mm) were less abundant and water temperatures were <l6OC.
Minnows, fiddlers, and cut bait accounted for the remaining 11 (3.8%)
recoveries. In general, seatrout were considered by most recreational
fishermen as the number one sportfish in Georgia's estuarine waters and
live shrimp were the number one bait (Music and Pafford, 1982).

Approximately 497 of seatrout recoveries were caught in the immed-
iate area of release. Of 439 recoveries with sufficient information to
ascertain movement, 397 (90.4%) were recaptured within 25 km of the
tagging site; 27 (6.2%) had moved 26 to 50 km; 12 (2.7%) had traveled
51-100 km; and 3 (0.7%) had moved over 100 km from the point of release
(Table 18). Seatrout exhibited little tendency for long distance move-

ments as 96.67 of the recoveries were recaptured within 50 km of the
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release site. However, 15 (3.47%) returns had traveled more than 50 km

before recapture. These recaptures indicated northward movement generally

during spring and summer, and southward movement during the fall (Table 19).

Only three (0.6%) spotted seatrout were captured beyond Georgia waters.
For the most part, movement was limited as compared to other inshore
gpecies such as black drum and southern flounder. Movement was primarily
seasonal and was generally confined to a ﬁarticular estuarine system.
Basically, most adult seatrout move out of the upper estuaries onto the
beaches and shoal areas primarily during spring and early summer during
the spawning season and return to the upper estuaries during late summer
and fall (Table 20). The high return rate (49.2%) for seatrout recaptured
in the immediate area of tagging indicates movement may often be within

a territorial creek-river-sound-beach system. Between 64 and 75 percent
of the seatrout at large from 500 to over 1,000 days were caught in the
immediate area of release, indicating territorial behavior of older fish.

Even though movement was significantly greater toward the beaches
during the warm months and toward the creeks in the cooler months, yearly
emigration and immigration of seatrout was approximately equal (Table 20).
The greatest seasonal movement occurred during summer as indicated by a
mean recovery distance of 16.2 km (Table 21). This increase in movement
during summer coincided with the spawning season when most seatrout moved
into areas of higher salinities.

Overall, there appeared to be little relation between distance
traveled and size of fish. However, recovery data indicated more move-
ment or dispersal of young individuals with less movement for seatrout
larger than 450 mm (Tables 7and 18). Recovery data also indicated that
time at large had little effect on distance traveled as 14 recoveries
at large more than two years exhibited a mean movement of only 3.6 km
as compared to the overall mean movement of 8.9 km.

Recovery information on distance traveled by Georgia seatrout was
similar to studies conducted on the east coast of Florida and in the
Gulf of Mexico. Comparison of return rates and distances traveled by
tagged fish for several populations of spotted seatrout are shown in
Tables 22 and 23.
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Length-Weight Relationship

Length and weight measurements were taken for 1,369 spotted sea-
trout ranging from 15 to 750 mm and 0.1 to 4,575 g. The length-weight
relationship equation for a random sample of 710 seatrout was log W =
2,949 logL - 4.848. The correlation coefficient (r2 value) for length-
weight for seatrout was 0.9535 (P < 0.0001). Least-squares regression
analyses on the length-weight relationships for male, female, and all
spotted seatrout combined appear in Table 24. Figure 15 illustrates
the length-weight relationships for spotted seatrout.

Length-weight relationships calculated for Georgia seatrout showed
isometric growth (b = 2.949). The greatest lengths recorded during
this study for males and females were 598 and 750 mm, respectively.

The heaviest male weighed 2,197 g and the heaviest female was 4,575 g.
There were no significant differences between the average weights of
similar size male and female seathut for lengths less than 300 mm, but
in specimens over 300 mm, females were heavier than males. Georgia sea-
trout were heavier at given lengths than fish from the Gulf of Mexico.
However, Chesapeake Bay seatrout were heavier than similar sized speci-

mens from Georgia or the Gulf (Table 25).
Age and Growth

An essential component of any investigation of a population is to
determine the age of fish for the estimation of growth rate, longevity,
and age at maturity or spawning. Sampling fish populations can pose
several difficulties for age analyses, and seldom is there a technique
that will randomly sample all size groups to obtain the age composition
of an entire population. Habitat and feeding preference, behavior
patterns, and movements may vary with age, size and season. Also, most
types of sampling gear are size selective, and gear efficiency may vary
with environmental conditions.

Age and growth studies based on the scale technique have been
validated as an ageing method for spotted seatrout (Welsh and Breder,
1924; Pearson, 1929; Klima and Tabb, 1959; Moffett, 1961; Tabb, 1961;
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Figure 15. Length-weight relationship of spotted seatrout,
Cynoscion nebulosus, collected in Glynn County, Georgia

from January 1979 through June 1982.
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Hein et al., 1980; Brown, 1981). Scale annuli marks were described by
Klima and Tabb (1959) and Tabb (1961) as not forming by the typical
crowding of the circuli as is the case with many fish scales, but are
formed by definite breaks and disconformities in the circuli pattern.
These breaks in circuli are generally detectable by the addition of new
radii in the anterior region and the cutting over of recent circuli over
older circuli in the lateral regioms of the scale. Although not as
widely used, otoliths have been validated as an ageing technique on
fishes from temperate waters (Lux, 1971; Bagenal, 1973; Theiling, 1974;
Barger and Johnson, 1980).

Scale samples from 740 seatrout ranging from 56 to 750 mm were
examined. Of these, 579 (78%) were considered legible for age deter-
minations. Otolith sections from these 579 fish were also examined to
document and compare the annuli counts ascertained from scale analyses.
Annulus formation on scales and otoliths was found to be relatively
simultaneous with the otolith rings being detectable slightly earlier
than scale annuli for fish older than one year. The first annulus on
scales was often incomplete and difficult to distinguish. Bagenal
(1978) stated that in temperate latitudes annuli marks may fail to
appear in age 0 fish that overwinter at small sizes. The formation of
the first otolith ring was often obscured within the core structure
and was seldom detectable in otoliths from Georgia seatrout. Consider-
ing this scale-otolith year mark difference, scales and otoliths examined
from the same fish exhibited a 98.97 agreement in annuli counts.

Calculations of mean monthly growth of marginal increments vali-
dated that scale annuli were formed only once annually. A single
annulus formation was detectable on seatrout scales during late February
and March with all scales bearing recent annuli by mid-April.

The use of scales and their marks in age and growth studies depends
upon the relationship between growth of the fish and its scale, Least
squares regression analyses on the relationship between fish length and
scale radius were performed. The correlation coefficient (r2 value) of
0.77 (P < 0.0001) suggests the relationship was sufficiently linear to

warrant direct proportion calculations to determine fish length at time
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of annulus formation. Empirical and mean back-calculated total lengths
by age for seatrout are shown in Table 26. Figure 16 illustrates the
length-age relationship for seatrout, and the principle of least squares
was employed to draw the line of best fit. Equations for the length-
age relationships for male, female, and all seatrout combined are shown
in Table 27. Table 28 shows the empirical and weighted mean back-calcu-
lated lengths for juvenile, male, female and all spotted seatrout com-
bined.

To document the annual growth rate determined from back-calculations,
mean growth rates for tagged seatrout at large for approximately one, two,

and three year intervals were calculated. The average release length

and approximate age for 31 seatrout at large from 11 to 13 months was 358 mm

and age III, respectively. The mean annual growth for seatrout of that
approximate age may range from 56 to 79 mm (Table 28). The estimated
mean annual growth for the 31 recaptured seatrout was 68 mm, substanti-
ating the estimated annual growth for that size fish based on back-calcu-
lation data. Also, seatrout approximately three years old when tagged-
and at large for two and three year intervals exhibited mean growth rates
of 137 and 161 mm, respectively. These observed growth increases are
fairly consistent with values derived by combining the annual growth
estimates for the 3rd and 4th year's growth increase (135 mm) and the
3rd, 4th, and 5th year's growth (181 mm). One female seatrout measuring
378 mm when released and at large for 1,442 days exhibited a growth of
294 mm. However, this growth increase was slightly greater than the
back-calculated estimated growth for that size female at large four years.

The oldest seatrout collected in Georgia were age VIII for females
and age VI for males. These findings are similar to those for fish
studied in Texas and Florida (Table 29). However, ageing studies indi-
cate that trout in Virginia live substantially longer than those in
more southerly waters. Maximum age of seatrout from the Chesapeake Bay
area was determined to be XV (Brown, 1981).

A substantial overlap in sizes of seatrout in Georgia occurred

between ages‘II and VI. Brown (1981) observed similar findings for
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Length-age relationship of spotted seatrout, Cynoscion
nebulosus, collected in Glynn County, Georgia.
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trout in the Chesapeake Bay area. However, the magnitude of overlap
in 1ength;age shown in Table 26 can be partially explained when the
lengths are examined by sex (Tables 30 and 31). In general, female
seatrout in Georgia were significantly larger than males of equal age.
Similar size-age differences between sexes were also documented for
seatrout in Florida and Virginia (Klima and Tabb, 1959; Brown, 1981).

Growth rates of Georgia seatrout were not significantly different
from those reported from other areas (Table 29). Growth in Ceorgia
was rapid during the first three years of life with daily growth incre-~
ments of 0.50, 0.28, and 0.22 mm, respectively (Table 32). Daily growth
rates slowed after age III or IV. Also, annual growth increments varied
widely in older fish, but this may be attributed to sexual growth dif-
ferences and the low number of large fish collected (Table 28).

To show how such variations of growth rates may occur within a
population or between different populations, ages of seatrout collected
in Glynn County during 1979 were compared to fish collected during 1982
(Tables 33 and 34). Weighted mean back-calculated lengths ranged from
2 to 43 mm larger for tﬂe 1982 seatrout with an average yearly increase
of 24 mm over the 1979 fish for the first five years of life. This
variation in length—agelof Georgia seatrout may be the result of two
severe winters during 1977 and 1978. These severe winters designated
by the Federal Government as ''shrimp disasters” not only killed crusta-
ceans but also killed fish and other estuarine dependent organisms as
well (Music, 1979). Such natural estuarine disasters could temporarily
eliminate or significantly limit many food species of the spotted sea-
trout. It is assumed the general lack of abundant food for good nutrition
as well as the increased energy spent seeking scarce prey would result

in less fish growth.
Maturity and Spawning

Georgia's spotted seatrout are year-round residents in coastal
waters and for the most part are estuarine specific to a particular

sound system. They are spawned in and utilize their particular estuarine
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Table 32. Estimated mean daily growth of marine sportfish by sex for each year of life.

Mean Daily Growth for Year of Life (mm)

Specles Sex 1 2 3 4 5
Male 0,48 0.25 0.16 0.14 0.13 0.07
Spotted seatrout Female 0.52 0.30 0.23 0.18 0.12 0.12
Combined 0,50 0.28 0,22 0.15 0.13 0.09
Male 0.41 0.27 0.16 0,11 - -
weakfish Female Q0,46 0.27 0.18 0.15 0.16 Q.15
Combined 0,44 0.28 0.18 0.14 0.18 0.15
Male 1.19 0.61 0.25 - - -
Red drum Female 1.13 0.64 - - -

Combined 1.10 0.69 0.26 - - -

Male 0.33 0.34 0.27 - - -
Southern flounder Female 0.47 0.44 0.35 0.34 0.06 0.21
Combined 0.43 0,44 0,34 .34 0.06 0.21

Summer flounder Combined 0.39 - - - - -
Male 0.52 0.40 0.25 0,18 - -
Black drum Female 0.53 0.41 0.32 0.25 0.21 0.10
Combined 0.54 0.38 0.29 0.27 0.24 0.10
Male 0,40 0.29 0.24 0.13 0.10 0.09
Sheepshead Female 0.40 0.30 0,21 0.17 0.14 0.09
Combined 0.41 0.28 0.22 0.15 0.13 0.09
Male 0,44 0.18 - - - -
Atlantic croaker Female 0,45 0.20 0.15 0.15 0.04 -

Combined 0.45 0.19 0.16 0.15 0.04 -

Male 0.37 0.19 0,03 - - -
Spot Female 0,33 0.21 0.06 - - -
Combined 0.35 0.20 0.05 - - -
Male 0,41 0.23 0.11 - - -
Southern kingfish Female . 0,43 0.34 0.13 0.09 - -

Combined 0,42 0.34 0.12 0.11 - -

Male 0.27 - - - - -
Gulf kingfish Female 0,33 0,40 - - - -
Combined 0,33 0,40 - - - -

NOTE: Dash (-) denotes fish were not collected in age group.

Sex combined includes juveniles, males, and females.
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Systems as nursery grounds for all stages of development and growth.
A description of the classification of maturity stages of gonadal de-
velopment in fishes is presented in Table 6.

During this study, the smallest spotted seatrout for which the sex
was determined through gross examination was 157 mm for females and
159 mm for males. The smallest female to exhibit maturing or prespawn-

ing ovaries (stage III or greater) was a 229 mm (age II) specimen in

its third year of life. The smallest male stage IIT or greater was 342 mm,

but collection of the smaller reproductive males may have been biased by
gear selectivity as males ére reported to mature earlier than females
(Guest and Gunter, 1958).

Seatrout are generally believed to mature at one to three years of
age. Pearson (1929) found that Texas seatrout matured at the end of
their second year but did not spawn until the third. Miles (1950) re-
ported that 10% reached maturity at the end of their first year (16 cm

length), 50% at the end of the second year (25 cm length) and that sexual

maturity was obtained by the end of the third year. Moody (1950) found
that females did rot spawn until they reached 240 to 250 mm length in
Cedar Key, Florida.

Table 35 presents the stages of gonadal development for female and
male spotted seatrout by month. Females exhibiting maturity stages I
through III were collected every month, but spawning activity began in
April when 10.2% of the females exhibited advanced ovarian development
(stages IV through VII or spent). Spawning activity peaked in May when
43,47 of the females showed advanced development, but in June there was
a sharp drop to only 17.0%. 1In July, the occurrence of advanced stages
increased somewhat to 34.2% to create a second smaller spawning peak
before again declining in August to 26.9%. By September, most spawning
activity was complete as only 6.8% of the females showed advanced de-
velopment. From October through March advanced ovarian development was
rare, but two stage V females (3.0%) were collected in November, and one
stage IV female was found‘in January (1.0%).

During the study period, salinities ranged as high as 36 parts per

i s o) o
thousand in inland waters, and water temperatures ranged from 7 to 33°C
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throughout the year with an average monthly temperature of 21°. Bi-
monthly water temperatures and salinities are shown in Tables 36 and 37.

As spawning activity commenced in April, females exhibiting advanced
ovarian development were found only in salinities above 26 o/oo (Table 38).
In May, the peak month for spawning activity, advanced ovarian develop-
ment was observed in salinities ranging from 11 to 36 %/oo. Nearly hailf
(43.4%) of the May females exhibited advanced ovarian development. Further-
more, there was a definite increase in the occurrence of advanced stages
with each five part increase in salinity levels. These increases were as
follows: 11-15 /oo (23.1%), 16-20 °/oo (29.6%), 21-25 °/oo (34.8%),
26-30 °/oo (56.1%), 31-35 0/oo (75.0%) and 36-40 °/oo (100.0%) .

Unfortunately, all females collected in June were gollected from
salinities between 26 and 30 o/oo. Although most of the gpecimens col-
lected during July and August were collected from salinities greater than
21 0/00, one July female exhibiting advanced development was taken from
salinity less than 15 O/oo. By September, advanced maturity stages were
uncommon in all salinity levels, and by October no advanced stages were
observed (Table 38).

Table 39 presents the maturity stages for female and male seatrout
by water temperature and salinity gradient. Only one female exhibiting
advanced ovarian development (stages IV through VII) was collected from
water temperatures below 15°c. At wafer temperatures 16-20°C advanced
maturity began to appear when three females (1.9%) exhibited advance-
ment. However, once water temperatures exceeded 21°C the percentage of
females exhibiting advanced ovarian development jumped sharply to 22.67%
(Table 39). Similar findings were reported iﬁ Texas by Simmons (1957)
and in Louisiana by Fontenot and Rogillio (1970). Hein and Shepard
(1979) related peak spawning to photoperiod in Louisiana. Arnold et al,.
(1976) found that trout spawn in the laboratory over a salinity range of
26-30 /oo at 26°C and 15 hours light. Taniguchi (1980) found that
optimum temperature and salinity in laboratbry experiments were 28.0%
and 28.1 0/oo, respectively.

When viewed according to salinity level or gradient, the occurrence

of advanced stages generally increased with the increase in salinity
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Table 39. Stages of gonadal development for spotted seatrout, (ynoacion nebulosus, by water temperature and
salinity gradienta for fish collected in Glynn County, Georgia from January 1979 through June 1982,

Surface Water Temperature (°Q
16-2

Salinity Reproductive 0-5 6-10 11-185 0 21-25 26-30 31-33 Totals
{0/00) Stage ¥ ). ¥ M | J '} . M r M r M ¥ M ¥ M
1 - - 2 1 - - 3 0 - - - - - - 5 1
0-5 I 1 0 - - - - - - ~ - - - - - 1 0
1I1-vI1 - - - - - - - - - - - - - - - -
I - - 12 9 - - 9 4 4 [ 3 1 - - 28 20
11 - - 4 0 - - 7 2 1 0 2 [ - 14 2
111 - - - - - - 4 Q - - 1 ] - - 5 Q
6-10 1v - - - - - - - -~ - - - - - - - -
v - - - - - - 1 0 - - 1 0
VI - - - - - - - - - - - - - - - -
VI - - - - - - - - - - - - - -
1 - - 6 8 2 2 14 9 0 2 1 1 - - 23 22
11 - - 1 o 10 2 6 1 [ | - - 10 4
111 - - - - - - - - s 1 0 1 - - 5 2
11~15 v - - - - - - - - - - 1 4] - - 1 0
v - - - - - - - 2 0 ~ - - - 2 0
V1 - - - - - - - - 1 0 - - - 1 0
VIl - - - - - - - - - - - - - -
1 - -~ 40 29 2313 a 17 29 13 0 - - 1101 72
11 - - 6 2 2 0 2 2 16 3 - - 0 28 7
111 - - 3 0 - - 1 0 7 0 - - - - 1t 0
16-20 1w - - i 1 - - - - 3 1 - - - - 4 2
v - - - - - - - - 4 0 0 - 5 0
V1 - - - - - - - - 2 0 - - - - 2 0
Vil - - - - - - - - - - - - - - - -
I - - 422 7% 43 69 26 3 22 16 24 1 0 238 136
I1 - - 7 1 11 0 12 0 10 8 40 7 - - 80 16
1984 - - - - 1 0 - ~ 5 1 13 0 - - 19 1
21-25 w - - - - - - - - - 6 0 - - 6 0
v - - - - - - - - 2 0 8 o - 10 0
vi - - - - - - - - 3 0 - - - 3 0
VII - - - - - - - - - - 1 0 - - 1 0
1 - - 20 45 35 20 21 13 14 8 14 18 0 1 104 105
11 - - 1 4 3 0 4 0 6 8 24 9 2 0 50 21
Il1 - - 6 0 - - 1 0 6 1 6 3 1 0 20 4
26-30 v - - - - - - - - 0 1 3 0 - - 3 1
v - - - - - - 3 Q 9 [4 15 0 2 [ 29 0
vI - - - - - - - - 7 0 1 0 - - 8 [
VII - - - - - - - - - - - - - - - ~
I - - 1 1 - - - - 1 7 5 1% 1 3 8 26
11 - - 5 0 - - 1 [0} 3 2 1l 6 2 0 22 8
111 - - - - - - - - 3 1 5 1 - - 8 2
31-35 w - - - - - - - 2 0 3 0 - - 5 0
v - - - - - - - - 7 0 1 0 - - 8 0
Vi - - - - - - - - - - - - - - - -
VIl - - - - - - - - 1 1] 1 0 - - 2 0
I-1v - - - - - - - - - - - - - - - -
36-40 v - - - - - - - - - 1 0 - - 1
VI - - - - - - - - - - - - - - -
Vil - - - - - - - - - - - - - - - -
I - - 123 114 13 78 124 69 84 58 40 59 2 4 507 382
11 1 0 34 7 17 o 28 6 42 22 78 23 6 0 206 58
111 - - 9 0 1 0 6 0 26 4 25 S 1 [ 68 9
TOTALS w - - 1 1 - - - - 5 2 13 0 - - 19 3
v - - - - - - 3 [ 24 0 27 0 2 0 56 0
vI - - - - - - - 14 0 1 0 - - 14 0
vII - - - - - - - 1 0 2 0 - - 3 0
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o
(Table 39). No advanced stages were observed at salinity levels <5 /oo.
Only 6% of all females collected from salinities <25 O/oo exhibited ad-
vanced ovarian development with no more than 107 occurrence in any lower

. e, O
salinity gradient. However, at salinities of 26-30 /oo the occurrence
of advanced ovarian development jumped sharply to 18.7%, and at salinities

above 31 ®/oo the percentage jumped to 29.6%.

From the figures presented above it is evident that peak spawning
takes place at temperatures above 21°¢ and salinities above 26 0/oo.
It is logical to conclude, therefore, that maximum spawning activity in
Georgia takes place in the higher salinity waters of the lower sounds
and along the beaches where salinities exceed 25 0/oo once the water
temperature exceeds 21°C. These conclusions are supported by similar
findings reported previously in Georgia by Mahood (1975). 1In addition,

large catches of "roe' trout by recreational fishermen during May and
June in the sounds and along the beaches further substantiate these
findings. Since Georgia's sounds are relatively small, spawning activity
in these areas would be in close proximity to the beaches and the higher
salinity waters.

Table 40 presents a description of spawning activity, through the
occurrence of advanced ovarian development, for female seatrout according
to lunar phases. When viewed according to lunar phase, little variation
in spawning activity was found. When advanced stages of female seatrout
were grouped by moon phase the percentages were: new moon, 22.1%; first
quarter, 14,7%; full moon, 28.4%; last quarter, 21.1%; and split phases,
13.7%. Apparently there was more spawning activity during full moon and
new moon periods even though advanced stages were encountered throughout
the lunar cycle. This may have some significance as full and new moon
phases are periods of high tidal amplitude and maximum turbidity which
may benefit survival rates. Adkins et al, 1979 (Cited in: Adkins and
Bourgeois, 1982) reported that a sharp increase of gravid females oc-
curred shortly before each full moon and that spent females were found
shortly after the full moon in Louisiana. Our data alsoc show some

variation according to lunar phase, but the difference is not strongly

pronounced.
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The sex ratios for spotted seatrout by length group in 50 mm group-
ings appear in Table 41. The overall ratio of female to male seatrout
collected during this study was 1.9:1. Ratios for individual length
groups showed an increasingly higher ratio of females over males as
length increased. 1In trout <250 mm males outnumbered females with
ratios ranging up to 1:3. In specimens 251-350 mm the ratio was nearly
equal at 1:1, However, for fish 351-400 mm females became dominant at
2.6:1. The highest ratio of females to males was for fish 501-550 mm
with a ratio of 23:1. Female seatrout live lpnger and attain larger
sizes than the males throughout the range (see age and growth section).
This accounts for the higher ratio of females to males for the older
and larger fish. Furthermore, since males do not generally attain the
larger size they are probably more prone to capture by sport fishermen
using live shrimp to fish for trout of small to moderate size.

Monthly distribution of seatrout by sex and salinity gradient are
presented in Table 42. Females outnumbered males during all months and
at all salinity levels. The greatest monthly occurrence of males came
during January (47%) and April (40%). The greatest singular concentration
of males came during January in salinities of 26-30 ®/oo when 41 specimens
(60%) were collected. It is felt by the authors that there is probably
some seasonal segregation of sexes as recreational fishermen quite often
report large catches of predominantly male or female trout. However,
these data do not substantiate that view. A comparision of the estuarine
distribution of females and males of each fish species is presented by
salinity gradient in Table 43,

The general condition of the gonads of spotted seatrout were ex-
amined through gross examination and all abnormalities were recorded
as fish were examined for life history studies. The number and percent
of female seatrout exhibiting various ovarian conditions are presented
by estuarine system in Table 44.

Of 788 seatrout ovaries examined, 639 (81.1%) appeared normal in
all respects. The most frequently occurring abnormal condition was

classified as "resorbing eggs''. This condition occurred when females
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failed to spawn their eggs and were physiologically trying to resorb the
egg masses. This condition occurred in 7.47 of the ovaries examined.

In most of these fish the ovaries appeared to be cystic and contained
large hard lumps of degenerative egg mass which quite often appeared to
be so severe as to result in permanent sterility (Figure 17). Whether
this condition was the result of malfunction or disease is unknown.
Further studies should be conducted on this particular anomaly and its
causes.

"Atypical ovaries" included a variety of other conditions in which
the ovaries did not conform to the normal shape, size and color, and
included ovaries that had become fused with other organs or mesentery.
This condition was found in 5.77% of those examined. ''Unequal develop-
ment" between the paired ovaries of an individual fish was encountered
in 1.1%, and was usually seen as only partial development in one ovary
while the other ovary was in an easily recognized stage of ovarian
development (Figure 18). "Fragmented ovaries" represented 1.3% and
were typified by ome or both ovaries being in two or more parts. Two
adult size seatrout were found with no apparent gonads and were included
herein. This condition occurred in only 0.37% of those examined.

The most significant single sexual anomaly encountered during this
study was the presence of eight hermaphroditic seatrout exhibiting
various degrees of hermaphroditism (Figures 19 and 20). This condition
was found in only 1.0% of the fish examined and the particular gonads
exhibiting this condition were generally dominated by ovarian tissue.
One fish, however, exhibited approximately 75%Z of each gonad being
testes and 25% ovary, and both eggs and milt were clearly visible in
the separate portions of each gonad (Figure 19). The two portioms of
each lobe of these hermaphroditic gonads were fused together. The gonads
of other specimens in hermaphroditic condition were composed of pri-
marily ovarian tissue which comprised over 75% of one or both gonads
(Figure 20).

A comparison of the frequency of occurrence for each type sexual

anomaly within each estuarine system revealed less than 3% difference
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Figure 17. Cystic condition observed in spotted seatrout ovaries
that failed to resorb the egg mass.

Figure 18. Spotted seatrout ovaries exhibiting unequal development
and fluid laden ovaries.
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Figure 19. Hermaphroditic spotted seatrout with gonads consisting
primarily of testicular tissue.

)

Figure 20. Hermaphroditic spotted seatrout with gonads consisting
primarily of ovarian tissue.

(N
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in occurrence between the St. Simons and St. Andrew estuarine systems.
No comparison is given for the Altamaha system as sample size was too
small (Table 44).

Fecundity of the spotted seatrout in the Gulf of Mexico was reported
in Texas by Pearson (1929) and Miles (1950), in west Florida by Moody
(1950), and in Louisiana by Sundararaj and Suttkus (1962). However,
comparatively limited information has been published for seatrout fecun-
dity on the Atlantic coast. Fecundity for seatrout collected in the
Indian River area of east-central Florida was investigated by Tabb (1961).
In general, fecundity estimates reported by the various investigations
ranged from 15 thousand to 1.1 million eggs for spotted seatrout ranging
from 283 to 625 mm (TL). Fecundity for several seatrout populations is
illustrated in Figure 21.

Fecundity estimates were determined for 12 Georgia spotted seatrout
ranging in length, weight, and age from 325 to 533 mm, 386 to 1,871 g,
and IIT to V years. The mean estimated fecundity was 245,990 eggs with
a range from 107,300 to 468,200 eggs. Fecundity data for these 12 sea-

trout are shown in Table 45,
Food Preference and Feeding Habits

The spotted seatrout is considered by many to be the most popular
inshore sportfish from South Carolina to Texas, and has been the target
of intensive investigations, including its feeding habits. Most workers
agree that trout are opportunistic feeders whose food habits change with
size and age (Moody, 1950; Simmons, 1957; Seagal, 1969; Peret et al.,
1980). 1In general, the primary food for young trout is crustaceans.
However, there is a general shift with age from smaller crustaceans such
as copepods in the juveniles to larger commercial penaeid sﬁ;imp in small
to medium sized adults. In the largest adults the diet shifts from
crustaceans to primarily fishes.

Pearson (1929) reported that Texas seatrout feed primarily on shrimp,
and similar findings were reported by Kemp (1949), Stewart (1961) and
McHugh (1980). Lorio and Schafer (1966) reported that fish were the

most important food for adult Louisiana seatrout, but crustaceans were
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Figure 21. Comparison of fecundity for several populations of spotted

seatrout, Cynoscion nebulosus.

85



9 - - =

) ® ®
2°89% - 7°801 0°9%2 1°91 8178 £€S - 672 86¢ Tt p3ugquo)
789" 2°89% €°91 1181 ££S £ES T A
8°tEy - 6°L91 AN ¥ XA T°11 0zZ1°‘1 16% ~ 619 €SY € Al
9°86Z - T° 801 S 61 £°61 886 96€ - SZ¢€ 9¢ 8 111
sduey ueIN BTN (3) yst1em aduwy T usi3 30 888T)
(000TX) A3Tpundaj palewylIsq PBUOH IV 4ystd uesy (amo) y3Buel [eEIOL IIqUnN aeayx

*0861 30 dunf pue Ley Buyanp er21099 ‘L3uno) uulln

30 siajem TeISEOD Y3 UT PIIDBTTOD “snsoyngau uorosoufly ‘Inoijess peljods z1 103 KITpunde) pelewrisy

gy 91q8L

o6



)

equally important from May through July. Gunter (1945) reported that
seatrout feed primarily on fish during winter in Texas. Brewer (1957)
reported mullet and silversides as the top foods in Baffin Bay, Texas
where shrimp are not abundant. Moody (1950) reported that seatrout
feeding habits progressed through four stages from copepods to caridean
shrimp to penaeid shrimp to fish in Cedar Key, Florida. Tabb (1961)
suggested that food selectivity by adult seatrout in east-central Flor-
ida was more a function of food availability than selectivity. Seagle
(1969) found that trout over 350 mm fed mainly on fish. Mahood (1974)
reported that Georgia seatrout appeared to have no definite preference
and ate whatever was easiest to attain at different times of the year.

From the findings of these other workers and from the results of
this study it appears that spotted seatrout feed on the most available
and easiest foods to attain. This is substantiated by Georgia anglers
taking trout on live shrimp during warmer months from May through
November and even into December when penaeid shrimp are available. As
water temperatures drop sharply in December, penaeid shrimp become less
abundant as they migrate offshore and southward. During winter most
anglers shift to artificial lures to catch seatrout as small fish become
the most available food source. Our findings from stomach analyses of
seatrout collected during this study are presented below.

Of the 1,359 spotted seatrout stomachs examined during this study,
874 (64.3%) contained food and 485 (35.77%) were empty (Table 46). TFood
items identified in the stomachs of seatrout per 100 mm length group
are presented in Table 47. In juvenile seatrout (<200 mm) the most
commonly occurring food source was crustaceans of which grass shrimp
(Palemonetes sp.) occurred most frequently. As seatrout increased in
size, they began to feed more frequently on fish as evidenced by the
increasingly higher occurrence of fish in the stomachs of creel size
specimens (301-500 mm). In this size group menhaden (Brevoortia sp.)
were the most frequently ingested species of fish, and white shrimp
(Penaeus setiferus) were the most commonly observed crustacean,

After seatrout reached 600 mm, their feeding habits apparently changed

87



v w L 4 O O ) )

0°00T S¢ 0°08 8¢ 0°02 L ysTIBury JTN9
0°00T 972 z°€8 88T 8°9T 8¢ yst33ury uIsyinos
0°00T 12¢ 6°L8 782 1°21 6€ j0dg
0°00T L92 v°88 9¢e 9°11 1€ 1a)eo1d d1IuBTIY
0°00T (11 z°18 r4i}1 8°z1 ST peaysdaayg
0°00T (L $°08 z9 S 61 ST wnip Yoetd
0°00T LT 7'¢8 €7 g 91 Y 19punoTj 1aumng
0°00T 122 1°1¢ €11 6°8Yy 801 12punolj urayinog
0°00T 6 9°9¢/ 44 v°€T 44 unip pay
0°001 9z¢ 9°¢L 042 v°9Z 98 ysTINeap
0°00T 65€T £ %9 2.8 L°6€ s8Y anoijeas paijjods

% “ON z “oN 2 “oN )

syoewo3lsg 1€30]

pood ufrejuo)

syoewoig Kidug

‘7861 @unf ySnoayl /61 Aaenuer woly eIdi0an ‘LJuno) uukyy
Ul po3vaTlov ysiz l1oj pooj SUlUTEIU0D 3SOY] SNSIaa syosewols L1dws jo juadiad pue Jaquny gy I[qel

88

()



ot o z 4 avpryoubufig

06 10 1 1 pom1boyd enamydulg
S8 [ 4 0z 1 81 1 gngpjosoun] 23 111918
€8 1°C € . 1 1 I3 sngp11300 s8dousviog
06 1’0 1 1 pubr380Yy397 8AYIYOIIDIDL
0L [ %4 1 1 no3 gmuoedp
88 01 [+74 1 9 9 L snjoydeo 115my
06 1°'0 1 1 BNUDOTLIUD SNYLL IO TIUN
8 €1 11 1 o1 vIpIUAM DIDIUMN
06 %°Q L} z 1 1 SNIMYFUDE §TU0F3010T
g 6'1 L1 1 11 < an311o0da Y enINpwy
0t 10 1 1 anypbada uopourddiy
06 170 1 1 msoyngou uor0s0ul)
06 °0 4 1 1 SRINBATYD SPIQUODEOIOTYD
(8 1oz 921 1 91 o€ 611 o1t sy DIg000Ng
99 01 6 1 9 z 1773493} DOYOWY
ot o 1 T : smzaeday poyouy
9L 8 1% $9¢ 1 z st 19 174 Lz v (S1qeFITIVapIUN) S3I8TA

SADSId
sniod ¥ 9oUs1anioQ Ppautdwo) 00g-10L 00/-109 009-T0S 005-10% 00%-10€  00€-10Z 00T-101 0OT-1 ®31] pood
afeaaay Juadaad (im) dnoxd yaduag

2961 2unf yBnoiul 6461
fienuep moxy eyfices ‘£iuned UUATH UL PRIJATI0d ‘ENBOINGIU uorogouh) ‘anoiieas pailodg JO 83UDIUOD YoEWO3lS Ly ITIEL

09



o1
89
114
06
08
0s
119
£9
89
£y
01
oL
3]
91
o1
07>
S>
9L
oY
<>
SY
%
s
€y
Al: >
79
09

snyog %
adeiaay

- w w () () ()
10 1 1 xoubnd von
71 2t 1 [1h¢ 1 en1o1a98uco enauadfyonuy
1°0 1 1 ~ds pIwoAors
1°0 1 1 UNDIOUIC DUDEOS
[ANA £9 € LS € sniaf1308 smovusd
€°0 € i 1 1 WWIDIOND 8NIVUd
%0 ] F4 4 MO218D BNIDUS]
e°¢ 2% 1 z Lz € 2eprovuyd
9°L 99 1 1] I3 v ot ‘48 929 suOuEDIDS
%0 L4 € 1 mdaporbuo] snanbog
10 { 1 ypue 811F190umAR0
1o 1 t #m3aony1800 88di1Da0
£ " 01 1 oD 80RO
€1 11 ] € =podosy
[} 1 1 ©3238U]
[ 51] 1 1 OMIDUOIONU  SMRTUANDD
1°0 1 1 epITLIevIa
9°¢ 1} 1 € st S 1 1 spodroaq
9°0 3 1 z 4 p2110d DaMY3IVAY
1°0 1 1 pgourdsusidae uobupd)
o [4 z wpodaded
Y [4 z wpodoiyay
EaY 4 z ’ NG IO ENFDUMY
Lo 9 1 z £ sepranyIUY
[ [4 z epodyydey
0°¢ 97 1 S 8t 1 H 179035y enoydly
°6 og 1 ¢ 65 6 [3 (9TqETI1IVapIUN) wIdEeISOI)
VaOJ0unIEY
au””““u“o PIUTQBOT  009-107  00L-109  009-10¢ 005-T0Y 009-10t 00€-10Z 00Z-101 001-1 W3] pood

(w=) dnoid Auncud

(penutiuod) 4y atqey

<
(=2}



(ZL°6E) Sgy :syowmols L3dma jo 1uadiad puw laqunyg
(Z£°%9) .9 pooj Suyuyeluod sydewols JO JuIdziad puw iaquny
66€1 isydEwols JO leqEny

06 1°0 1 1 (31qv137yIuspTUn) ANSSIL TVHINV
<9 [ 71 11 1 z IVINALVR JINVOUONI
c> 1°0 1 1 218Uy PYUDL DINB]ON
VIVQEOHD0AN
<> 1°0 1 1 wozoyiuy
VIIVaIND
85 1 1 4 9 z D011l D DUIIIDAS
(819 9°0 9 1 L] 1 sn3yTaINd
1NV1d
87 %0 k4 Y e19d0y>ulyy
(13 %0 4 1 € x31dunre vol00Ly
06 1°0 1 1 JepTIIM
<S> 0 z z wpolveen
06 10 1 1 D1ID31108 IOPUIOALD
06 10 1 1  9®PTIMLTH
01 z°0 z 4 *ds voyzo0Bsy
. SIRINARTIRISY PU® VAITINNV
1Y €I 11 1 01 81031q pynownbiyio7
zn Lo 9 z v (e1qe737IuspTon) epodoTwydan
VAO0JOTVRIED
06 1°0 1 1 epodoaisen
o1 170 1 1 Do1utbaia Da3e0eevL)
119 1°0 1 1 (219913 13UapFuUn) BOSNITON
YOSATION
snyod % 2oud1INIDQ pauTquo) 00B-10{ 00/-109 009-10S€ 00S-10% 0QY-10€ 00€-10C ©0Z-101 001-1 W3] pood
afei1aay ua3134 () dnoin y3due]

(panuyiuod)

AR AULAS



to a purely piscivorous diet. Similar results were found in Laguna Madre,
Texas by Simmons (1957). The preference of fish in the stomachs of large ®
adults accounts for thg relatively low number of large trout in daily
creels because the preferred bait by Georgia anglers is live penaeid shrimp.
All species of fish identified in stomach contents comprised over
66% of the average food bolus except for Anchoa hepgeius, Cyprinodon ®
variegatus, and pipefish (Syngnathus sp.). The relatively small size of
these three species probably accounts for their low contribution to
average percent of bolus. Penaeid shrimp were the most frequently occur-
ring crustacean, averaging 50% of food bolus when encountered (Table 47). e
Penaeids are the largest commonly occurring shrimp in Georgia waters,
which would account for this high percent of bolus.
The 10 most frequently occurring food items by season and sector
are presented in Table 48. Fish and fish parts were the most commonly e
encountered food items in trout stomachs in all seasons and sectors and
menhaden were the most frequently occurring species. The most commonly

ingested crustacean during winter and spring was grass shrimp (Palae-

()

monetes sp.), but during summer and fall, white shrimp (Penaeus setiferus)
became dominant. Furthermore, during fall white shrimp were observed in
the stomachs even more frequently than menhaden.

It has been determined in other studies that it takes four to five

()

hours for sea catfish (Arius felis) and Atlantic croaker (Micropogonias
undulatus) to digest brown shrimp (Penaeus aztecus) to an unrecognizable
state (Divita et al., 1981: Cited in Creel and Divita, 1982). It was

also determined that total digestion of mullet by spotted seatrout could

[

take from two to three days (Guest and Gunter, 1958). DeCiechomski
(1981) conducted controlled laboratory experiments on the digestion
rates of shrimp in juvenile sciaenids off Argentina and found that
32-38% of the food (shrimp) was evacuated from the stomach after 4 to
6 hours from meal ingestion and after 14 hours the percentage jumped -
to 87%. Assuming that digestion rates for seatrout are comparable with

that of sea catfish and croakers and other sciaenids, it would require

only a matter of hours to digest shrimp to an unrecognizable state as
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opposed to a matter of days to digest fish. One would, therefore,
expect to find fish and fish parts such as vertebrae and scales much
more frequently in the stomach contents of seatrout even if crustaceans
are the preferred food item.

The number and percent of stomachs containing food versus empty
stomachs by season and sector are presented in Table 49, During spring
and summer approximately 727 of the stomachs examined contained food.
The percentage dropped sharply to 65.2% in fall and was lowest‘duriﬁg
winter at 55.9%. The beaches apparently had less available food supply
as 43.2% of all stomachs from this sector were empty. Food a&ailability
on the beaches was lowest during winter as 81.8% of the stomaches were
empty. However, since trout are less abundant on the beaches during
winter, these results are from a limited sample. Low availability of
food along the beaches in winter probably accounts for a major influence
in seasonal movement of seatrout to the creeks and rivers in search of
food as well as for refuge from the cold. However, extremely cold water
temperatures often congregate trout in deeper water in the creeks and
rivers as evidenced in trawl catches and recreational creels.

A comparison of the number of stomachs containing food versus empty
stomachs by water temperature appears in Table 50. 1t appears that food
was either less available or feeding activity slowed down when water
temperature dropped below 15°C as approximately 45% of the stomachs ex-
amined were empty. When temperatures exceeded 16°C no more than 32% of
the stomachs examined were empty at any temperature range.

The number and percent of stomachs containing food versus empty
stomachs according to moon phase are presented in Table 51. The periods
of highest feeding activity apparently occurred on intermediate days
between major moon phases. During these "split phases", 73.8% of the
stomachs contained food. There was an 11.5% higher occurrence of
stomachs containing food during split phases than for the overall average
of 64.3%. Feeding activity was also high during the week of last quarter
from three days prior to and three days after last quarter. Feeding

activity was the lowest during new moon and the three day period imme-
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diately thereafter. During new moon the high turbidity created by in-
creased tidal amplitude and current flow, coupled with a vastly increased
refuge area created by inundated saltmarshes, probably resulted in
making prey more difficult to detect and capture.

OQur findings did not indicate any trends in feeding activity as
related by barometric pressure.

The 10 most commonly occurring organisms, identified to species
level of classification, collected during the five minute trawl samples
for all seasons and sectors combined included Anchoa mitchilli, Micro-
pogonias undulatus, Penaeus setiferus, Lollinguncula brevis, Trachypeneus
constrictus, Acetes americanus, Callinectes sapidus, Symphurua plagiusa,
Cynoscion regalis, and Stellifer lanceolatus. Although individuals be-
longing to the orders Isopoda and Mysidae were abundant, limited effort
was placed on the identification of these members due to the numerous
species collected and difficulty associated with identification. However,
other groups such as members of the genus, Palemonetes were collectiveiy
identified and determined to be the fourth most commonly occurring trawl
organism. Table 52 lists the trawl collected organisms by season, and
Table 53 lists the organisms by sector.

Of the three most commonly encountered items identified in seatrout
stomachs, Brevoortia tyrannus was the most abundant food item but only
the 15th most abundant fish species collected in trawls (Table 54).

Such occurrences of B. tyrannus indicate an active feeding preference
for this species as opposed to random feeding. Palaemonetes sp. and
Penaeus setiferus were the second and third most commonly occurring food
items in seatrout stomachs and also the second and third most common
crustaceans collected in trawl samples. Such occurrences of these
crustaceans indicate random feeding behavior. However, it should be
noted that the trawl is a bottom sampling gear which may bias data by
collecting primarily bottom oriented organisms as opposed to upper column
or surface water organisms. Furthermore, many fish species may be
capable of avoidiﬁg capture with trawls. Also, many spotted seatrout
were collected adjacent to oyster reefs where trawl sampling is very

difficult. Thus, conclusions drawn from comparisons of stomach contents
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with available food items determined from trawl samples were limited.

WEAKFISH

Weakfish (Cynoscion regalis) range from west-central to south
Florida in the Gulf of Mexico and along the Altantic coast from south
Florida to Nova Scotia (Fischer, 1978),

Weakfish prefer habitats very similar to that of spotted seatrout.
However, they are generally found in deeper waters within the estuarine
systems. As opposed to spotted seatrout, most larger weakfish move
offshore during the colder months, but juveniles may remain in Georgia
estuaries year-round.

Movement and Migration

From February 7, 1979 through June 28, 1982, 2,958 weakfish were
tagged and released. Length frequencies of tagged weakfish in 50 mm
length groups are included in Table 55, Lengths (TL) of weakfish tagged
with Howitt tags ranged from 118 to 475 mm, and with Floy tags from 103-
440 mm. Length frequencies of weakfish tagged with each tag type are
shown in Table 56. Table 57 lists the length frequencies of weakfish
collected for tagging in 20 mm groups by gear type.

Tagged weakfish were returned from October 31, 1979 through March 15,
1982, Of the 2,958 weakfish tagged, 48 (l1.6%) were recaptured and tags
returned. Recovery rates, when separated into 50 mm length groups,
ranged as high as 8.9%. Information on the number of fish released and
recaptured, time at large, and distance traveled are shown in Table 55.
The time at large for weakfish ranged from 1 to 367 days, averaging 62
days. Distance traveled ranged as far as 167 km with an average of
8.3 km.

The overall recovery rate was 2.0% for weakfish tagged with Howitt
tags and only 0.2% for fish tagged with Floy tags (Table 56). However,
approximately 77% of the weakfish tagged with Floy tags were smaller
than the minimum creel size fish captured by recreational fishermen
(Table 12). Recovery rates of tagged weakfish, when separated into

50 mm length groups, ranged as high as 9.5% with Howitt tags and 0.5%
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with Floy tags. Similar contrasting tag retention qualities were observed
with release-~recapture of spotted seatrout (Table 8).

Recreational fishermen accounted for 17 (35.4%) of the 48 recoveries.
Seven (14.6%) returns were from commercial shrimp fishermen, and 24
(50.0%) were obtained through study activities (Table 11). Of the 17
recreational recaptures, only 11 (65%) included sufficient information
to determine lengths of creel size fish. Lengths of recreational re-
captures ranged from 205 to 392 mm with an average size of 326 mm (Table
12). Length frequencies of recaptured weakfish indicated that most creel
size fish (54.5%) ranged from 350 to 500 mm (Table 13). Approximately
43% of all weakfish tagged were smaller than the minimum length of any
creel size fish recaptured by recreational fishermen.

Sufficient recapture information was obtained to determine the
estuarine sector location and season of capture for all recaptured weak-
fish. The sounds produced 75.07% of the recoveries (Table 14). However,
the higher return rate from this area was apparently the result of the
higher number of weakfish (90.47) released in the sounds. Creek, beach,
and offshore sectors produced 6 (12.5%), 2 (4.2%), and 4 (8.3%) recoveries,
respectively. Although recovery information was limited, data indicate
most recoveries (77.8%) were taken in the sounds during the fall. Weak-
fish do occur in the upper creeks in the fall but move to areas with
higher salinities in the winter (Table 15).

All weakfish recaptured by recreational fishermen were caught by
Georgia residents in Georgia waters. Most fishermen (76%) traveled less
than 40 km to reach the location of fish recapture (Table 16).

The principal bait used by recreational fishermen to catch weakfish
was shrimp (86%), and the number of recoveries caught with live or dead
shrimp was equal (Table 17). Artificial lures and cut bait accounted
for the remainder.

Approximately 67% of weakfish recoveries were caught in the imme-
diate area of release. This percentage is greater than observed for
spotted seatrout (49.2%), but the average at large time for spotted

seatrout was approximately five months longer (Tables 7 and 55). Of
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the 46 weakfish recoveries with sufficient information to ascertain
movement; 43 (93.5%) were recaptured within 25 km of the release site
(Table 58). However, recovery information was insufficient to deter-
mine seasonal movement within the estuary (Table 59). Recovery data
indicate weakfish 200 to 300 mm generally exhibit greater movement
than larger individuals (Table 55). Although one 362 mm weakfish
traveled the greatest distance (167 km), the remaining individuals
(24) in this length group (351-400 mm) averaged only 2.3 km.

Only one weakfish migrated out of Georgia waters. This individual
was tagged in St. Simons Sound and recaptured 43 days later in Matanzas
Inlet, Florida by a commercial shrimper, a distance of 167 km. Migra-
tion was generally to offshore waters during spawning and cold water
months, Recovery data were insufficient to document if weakfish return
to their original estuary. Only three weakfish traveled more than 25 km
before recapture, thus limiting movement analyses. Two of the three
migrated southward and were recaptured during November. The third
individual migrated northward and was recaptured during April.

Although recovery information was insufficient to document exten-
sive movements of Georgia weakfish, migration of weakfish on the
Atlantic coast of the United States was previously reported by Wilk
(1979). He reported that young individuals, less than four years old,
migrated southward below Cape Hatteras as far as Florida in fall and
winter and northward in spring and summer. Individuals over four years
old migrated southward as far as North Carolina in the fall and returned
to their northern estuaries in spring. Although weakfish over three
years old do occur in Georgia estuaries, recovery information was in-
sufficient to ascertain their movements. Beaumariage (1969) tagged
nine weakfish and only three were recovered. No movement or growth

was observed for these three specimens,
Length-Weight Relationship

Length and weight measurements were collected for 327 weakfish

ranging from 92 to 564 mm and 15 to 2,319 g, respectively. The
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with Floy tags. Similar contrasting tag retention qualities were observed
with release-recapture of spotted seatrout (Table 8).

Recreational fishermen accounted for 17 (35.4%) of the 48 recoveries.
Seven (14.6%) returns were from commercial shrimp fishermen, and 24
(50.0%) were obtained through study activities (Table 11). Of the 17
recreational recaptures, only 11 (65%) included sufficient information
to determine lengths of creel size fish, Lengths of recreational re-
captures ranged from 205 to 392 mm with an average size of 326 mm (Table
12). Length frequencies of recaptured weakfish indicated that most creel
size fish (54.5%) ranged from 350 to 500 mm (Table 13). Approximately
437 of all weakfish tagged were smaller than the minimum length of any
creel size fish recaptured by recreational fishermen.

Sufficient recapture information was obtained to determine the
estuarine sector location and season of capture for all recaptured weak-
fish., The sounds produced 75.0% of the recoveries (Table 14). However,
the higher return rate from this area was apparently the result of the
higher number of weakfish (90.47) released in the sounds. Creek, beach,
and offshore sectors produced 6 (12.5%), 2 (4.2%), and 4 (8.3%) recoveries,
respectively. Although recovery information was limited, data indicate
most recoveries (77.8%) were taken in the sounds during the fall. Weak-
fish do occur in the upper creeks in the fall but move to areas with
higher salinities in the winter (Table 15).

All weakfish recaptured by recreational fishermen were caught by
Georgia residents in Georgia waters. Most fishermen (76%) traveled less
than 40 km to reach the location of fish recapture (Table 16).

The principal bait used by recreational fishermen to catch weakfish
was shrimp (86%), and the number of recoveries caught with live or dead
shrimp was equal (Table 17). Artificial lures and cut bait accounted
for the remainder.

Approximately 67% of weakfish recoveries were caught in the imme-
diate area of release. This percentage is greater than observed for
spotted seatrout (49.2%), but the average at large time for spotted

seatrout was approximately five months longer (Tables 7 and 55). Of
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the 46 weakfish recoveries with sufficient information to ascertain
movement; 43 (93.5%) were recaptured within 25 km of the release site
(Table 58). However, recovery information was insufficient to deter-
mine seasonal movement within the estuary (Table 59). Recovery data
indicate weakfish 200 to 300 mm generally exhibit greater movement
than larger individuals (Table 55). Although one 362 mm weakfish
traveled the greatest distance (167 km), the remaining individuals
(24) in this length group (351-400 mm) averaged only 2.3 km.

Only one weakfish migrated out of Georgia waters. This individual
was tagged in St. Simons Sound and recaptured 43 days later in Matanzas
Inlet, Florida by a commercial shrimper, a distance of 167 km. Migra-
tion was generally to offshore waters during spawning and cold water
months. Recovery data were insufficient to document if weakfish return
to their original estuary. Only three weakfish traveled more than 25 km
before recapture, thus limiting movement analyses. Two of the three
migrated southward and were recaptured during November. The third
individual migrated northward and was recaptured during April.

Although recovery information was insufficient to document exten-
sive movements of Georgia weakfish, migration of weakfish on the
Atlantic coast of the United States was previously reported by Wilk
(1979). He reported that young individuals, less than four years old,
migrated southward below Cape Hatteras as far as Florida in fall and
winter and northward in spring and summer. Individuals over four years
0ld migrated southward as far as North Carolina in the fall and returned
to their northern estuaries in spring. Although weakfish over three
years old do occur in Georgia estuaries, recovery information was in-
sufficient to ascertain their movements. Beaumariage (1969) tagged
nine weakfish and only three were recovered. No movement or growth

was observed for these three specimens,
Length-Weight Relationship

Length and weight measurements were collected for 327 weakfish

ranging from 92 to 564 mm and 15 to 2,319 g, respectively. The
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with Floy tags. Similar contrasting tag retention qualities were observed
with release-recapture of spotted seatrout (Table 8).

Recreational fishermen accounted for 17 (35.4%) of the 48 recoveries.
Seven (14.6%) returns were from commercial shrimp fishermen, and 24
(50.0%) were obtained through study activities (Table 11), Of the 17
recreational recaptures, only 11 (65%) included sufficient information
to determine lengths of creel size fish. Lengths of recreational re-
captures ranged from 205 to 392 mm with an average size of 326 mm (Table
12). Length frequencies of recaptured weakfish indicated that most creel
size fish (54.5%) ranged from 350 to 500 mm (Table 13). Approximately
43% of all weakfish tagged were smaller than the minimum length of any
creel size fish recaptured by recreational fishermen.

Sufficient recapture information was obtained to determine the
estuarine sector location and season of capture for all recaptured weak-
fish. The sounds produced 75.0% of the recoveries (Table 14). However,
the higher return rate from this area was apparently the result of the
higher number of weakfish (90.4%) released in the sounds. Creek, beach,
and offshore sectors produced 6 (12.5%), 2 (4.2%), and 4 (8.3%) recoveries,
respectively. Although recovery information was limited, data indicate
most recoveries (77.8%) were taken in the sounds during the fall. Weak-
fish do occur in the upper creeks in the fall but move to areas with
higher salinities in the winter (Table 15).

All weakfish recaptured by recreational fishermen were caught by
Georgia residents in Georgia waters. Most fishermen (76%) traveled less
than 40 km to reach the location of fish recapture (Table 16).

The principal bait used by recreational fishermen to catch weakfish
was shrimp (86%), and the number of recoveries caught with live or dead
shrimp was equal (Table 17). Artificial lures and cut bait accounted
for the remainder.

Approximately 67% of weakfish recoveries were caught in the imme-
diate area of release. This percentage is greater than observed for
spotted seatrout (49.2%), but the average at large time for spotted
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the 46 weakfish recoveries with sufficient information to ascertain
movement; 43 (93.5%) were recaptured within 25 km of the release site
(Table 58). However, recovery information was insufficient to deter-
mine seasonal movement within the estuary (Table 59). Recovery data
indicate weakfish 200 to 300 mm generally exhibit greater movement
than larger individuals (Table 55). Although one 362 mm weakfish
traveled the greatest distance (167 km), the remaining individuals
(24) in this length group (351-400 mm) averaged only 2.3 km.

Only one weakfish migrated out of Georgia waters. This individual
was tagged in St. Simons Sound and recaptured 43 days later in Matanzas
Inlet, Florida by a commercial shrimper, a distance of 167 km. Migra~
tion was generally to offshore waters during spawning and cold water
months. Recovery data were insufficient to document if weakfish return
to their original estuary. Only three weakfish traveled more than 25 km
before recapture, thus limiting movement analyses. Two of the three
migrated southward and were recéptured during November. The third
individual migrated northward and was recaptured during April.

Although recovery information was insufficient to document exten-
sive movements of Georgia weakfish, migration of weakfish on the
Atlantic coast of the United States was previously reported by Wilk
(1979). He reported that young individuals, less than four years old,
migrated southward below Cape Hatteras as far as Florida in fall and
winter and northward in spring and summer. Individuals over four years
old migrated southward as far as North Carolina in the fall and returned
to their northern estuaries in spring. Although weakfish over three
years old do occur in Georgia estuaries, recovery information was in-
sufficient to ascertain their movements. Beaumariage (1969) tagged
nine weakfish and only three were recovered. No movement or growth

was observed for these three specimens,
Length-Weight Relationship

Length and weight measurements were collected for 327 weakfish

ranging from 92 to 564 mm and 15 to 2,319 g, respectively. The
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length-weight relationship equations for males, females, and combined
sexes are shown in Table 24, Figure 22 illustrates the length-weight
relationships for weakfish. The length~weight relationships calculated
showed isometric growth (b = 2.920). The greatest lengths recorded for
male and female weakfish were 397 and 564 mm, respectively. The heaviest
weakfish weighed 640 g for males and 2,319 g for females.

Wilk (1980) presented length-weight equations for weakfish collected
in the New York Bight. Weights were similar to those for Georgia fish
of equal length. There also appears to be little difference between

male and female length-weight relationships.
Age and Growth

The scale technique for ageing weakfish has been validated as an
ageing method by Welsh and Breder (1924), Massmann (1963) and Wilk (1979).
Scale annuli marks were described by Massmann (1963) as: 1) cutting over
of circuli which are most apparent in the lateral field; 2) crowding to-
gether of circuli in the anterior portion of the scale; and 3) the appear-
ance of secondary radii originating at zones where circuli are crowded
together.

Scale samples from 311 weakfish ranging from 77 to 564 mm were ex-
amined, and 243 (78%) were determined usable for age analyses. Otolith
sections of these 243 fish were also examined to document the validity
of annuli counts made from scales. Year-mark formation on weakfish
scales and otoliths are similar to that observed for spotted seatrout.
Considering the scale-otolith year mark difference as observed for
spotted seatrout, scales and otoliths examined from the same weakfish
exhibited 95.9% agreement in age.

Calculation of mean monthly growth of marginal increments vali-
dated that scale annuli are formed only once annually. A single annulus
formation was detectable on most weakfish scales from late March through
June with all scales bearing recent annuli by early July.

Least-squares regression analyses were performed on the relation-

ship between fish length and scale radius. The r2 value of 0.82
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Figure 22, Length-weigth relationship of weakfish, Cyrnoscion
regalis, collected in Glynn County, Georgia from January
1979 through June 1982,
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(P < 0.0001) suggests the relationship was sufficiently linear to
warrant direct proportion calculations to determine fish lengths at
time of annulus formation. The empirical and mean back-calculated
total lengths of weakfish by age are shown in Table 60. Figure 23
illustrates the length-age relationship for weakfish, and length-age
equations are included in Table 27. Table 61 shows the empirical and
weighted-mean back-calculated lengths for juveniles, males, females,
and combined weakfish.

To document the annual growth rate of weakfish, the mean growth
for all weakfish at large from 11 to 13 months were calculated. Un-
fortunately, recapture lengths were obtained for only two weakfish at
large for approximately one year. One specimen measured 228 mm when
released and had grown 64 mm, and the other originally measured 397 mm
and had grown only 13 mm. Thus, sufficient recapture information was
not available to document growth rates derived from back-calculations.

The oldest weakfish collected during this study were an age VII
female and an age IV male. Maximum ages for combined weakfish in
Georgia are similar to ages reported by Welsh and Breder (1924),
Massmann (1963), and Wilk (1979). Mean back-calculated lengths for
Georgia weakfish under six years of age are similar to the findings
of several studies as reported by Wilk (1979). However, Georgia weak-
fish are generally smaller at age than fish from the more northern

waters.
Maturity and Spawning

Sex differentiation through gross examination was first observed
at 146 mm (age 0) for females and 165 mm (age 0) for males. The
smallest female exhibiting developing ovaries (stage III or greater)
was a 275 mm (age 1I) specimen. The smallest male exhibiting develop-
ing maturitywas a370 mm (age III) specimen. Gear selectivity may have
biased the collection of males toward larger specimens.

Wilk (1973) reported that weakfish are sexually mature for the

first time in their second year of life. Merriner (1976) reported
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that both females and males become sexually mature at age I with a few
maturing at age II in North Carolina waters. Wilk (1979) reported that
most, if not all, weakfish are sexually mature by age II.

Georgia weakfish have a protracted spawning season extending from
March through September. The stages of gonadal development for female
and male weakfish are presented by month in Table 62, Only 16 female
weakfish exhibiting advanced stages of ovarian development were collected
and these came from the inside waters from the beaches inward. Of all
females ccllected during March, 12.57 exhibited advanced ovarian develop-
ment. Spawning activity apparently peaked in April when 29.4% of the
females exhibited advanced development. The percentage dropped sharply
to 13.37% in May and 10.3% in June. No advanced development was observed
in July and August, but two prespawn females (stage V) were collected in
September.

Very early postlarval and yolk stage weakfish were collected in
ichthyoplankton samples from the beach in May (Table 63). Unfortunately,
laboratory identification of plankton samples were contracted only for
the initial 5-month period of January through May. No young weakfish
were collected in the 3 meter trawl samples during winter, but their
numbers increased sharply in spring, peaked in summer and then sharply
declined again in fall (Table 52). Although young specimens were distri-
buted throughout the estuaries, there was an increase in occurrence from
the beaches to the creeks (Table 53). There was near equal occurrence
of young in the sounds and on the beaches, but there was approximately
a 30% higher occurrence rate in the creeks.

The reproductive stages for female and male weakfish by month and
salinity appear in Table 64. No advanced stages of ovarian development
were observed from salinities <15 o/oo. Advanced ovarian development
was observed at salinities above 16 °/oo but females in spawning con-
dition were found only in salinities above 26 o/oo, indicating that
most weakfish spawning activity takes place in the high salinity waters
near the beaches and open ocean. Georgia's sounds are relatively small

and little effort would have to be exerted for prespawners to move to
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Oocean waters to spawn.

The maturity stages for female and male weakfish are presented by
temperature and salinity in Table 65. Gonadal development was first
observed when water temperature exceeded 6°c. However, spawning activity
was apparently not fully underway until water temperatures exceeded 16°C.

At salinities below 15 0/oo no ovarian development was observed, but
at salinities ranging from 16 to 20 o/oo advanced ovarian development
appeared in 10.4% of the females examined. Ripe females (stage VI) were
not found until water temperatures exceeded 21°C and only in salinity
above 26 o/oo. Low numbers of advanced stages of gonadal development
made it difficult to determine the precise time and location of spawning.
However, most of the adult weakfish collected during this study came
from St. Simons Sound near the mouth of Dubignion Creek on the north
shore of Jekyll Island. This was the only sampling site to regularly
produce larger weakfish in concentrated numbers. This site is less than
0.5 nautical mile from open ocean waters and is readily accessible for
rapid movement seaward for spawning in the ocean waters.

The number and percent of weakfish showing signs of advanced gonadal
development by lunar phase appear in Table 40. Although low numbers of
advanced maturity stages were collected, the greatest occurrence was
during new moon and last quarter. Of the 20 advanced stages observed,
30% occurred during new moon, 5% during first quarter, 25% during full
moon, 307% during last quarter and 107 during split phases. Too few
specimens were collected to draw definite conclusions,

The sex ratios for weakfish by length group appear in Table 41.

The overall ratio of female to male weakfish collected during this study
was 6:1. For young weakfigh <200 mm the ratio was equal at 1:1 females
to males. The ratio increased sgharply to 9.5:1 for fish 301-350 mm and
was 47:1 for fish 351-400 mm. No males over 400 mm were collected.

Gear selectivity may have accounted for some bias in the collection of
males. However, such an extraordinarily high ratio of females to males
indicates that there was probably some.natural phenomenon regulating

sex segregation within the weakfish population in inside waters. It is
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quite possible that male weakfish prefer a specific salinity range,
deeper channels, or remain in offshore waters near shore waiting for
females to move seaward to spawn. These theories cannot be validated
from this study's data.

The number and percentage of female versus male weakfish by
salinity level from which they were collected are presented in
Table 66. The percentage for all weakfish collected was 86% females
and 14% males. There was little difference in the percent occurrence
of female and male weakfish at different salinities in inshore waters
as males never comprised over 20Z at any salinity level.

Female weakfish outnumbered males in all months, and comprised
over 83% of the catch in all months except July (62%) and December
(70%) .

Fish length-fecundity relationship equations for North Carolina
weakfish were reported by Merriner (1976). Using his equation for
total length, the estimated fecundity for 350 and 500 mm weakfish
were 799,400 and'2,051,100 eggs, respectively. Additional detailed
fecundity information is limited for populations from the more
southerly waters.

As shown in Table 40, very few advanced reproductive stages
(stages IV-VII) were collected in the estuarine waters of Glynn County,
Georgia. In general, Georgia weakfish spawn in ocean waters beyond the
sampling area of this study. Therefore, very few ripe weakfish were
collected for fecundity analyses. Fecundity estimates were determined
for three weakfish ranging in length, weight, and age from 344 to 373 mm,
450 to 861 g, and III to IV years. Mean estimated fecundity was 151,824
eggs with a range from approximately 115 to 171 thousand. The average
total weight of the three specimens was 702 g with the gonads comprising
13% (90.9 g) of the fish weights.

Food Preference and Feeding Habits

0f the 326 weakfish stomachs analyzed to determine food preferences,

240 (73.6%) contained food and 86 (26.47) were empty (Table 67). In
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weakfish <200 mm there was nearly equal utilization of crustaceans and
fish. Mysid shrimp were the dominant crustacean and anchovies (4nchoa
mitchilli and Anchoa hepsetus) were the primary fishes utilized as food.
In 201-400 mm specimens major food items shifted to menhaden (Brevoortia
sp.) as the top fish species,and penaeid shrimp (Penageus setiferus and
Trachypeneus constrictus) and mysid shrimp were the dominant crusta-
ceans. For adult weakfish over 400 mm there was approximately equal
utilization of menhaden and penaeid shrimp. By far, these two species
are of major importance as food for Georgia weakfish.

Other investigatidns along the Atlantic coast observed butterfish,
herrings, sand lance, silversides, anchovies, young weakfish, Atlantic
croaker, spot, scup and killifish as the most frequently occurring fish
as food. Among the invertebrates were assorted shrimp, squids, crabs,
annelid worms and clams (Wilk, 1979). Mahood (1974) found the major
foods for Georgia weakfish to be fish (80.6%), shrimp (14.3%), and
squid (5.7%). He also found that anchovies dominated the fishes uti-
lized by smaller weakfish while menhaden were dominant in larger speci-
mens. This is in agreement with our findings presented above.

The 10 most frequently occurring food items in weakfish stomachs
by season and sector are presented in Table 68. Fish were the most
frequently occurring food item in all seasons and all sectors. Menhaden
were the most commonly ingested fish, occurring in 21.77% of the stomachs,
while mysid shrimp were the most common invertebrate in 10.4%.

In the creeks white shrimp (Penaeus setiferus) and star drum
(Stellifer lanceolatus) were the dominant food species. In the sounds,
the dominant food items were menhaden and mysid shrimp, while on the
beaches star drum and mysid shrimp were dominant. The one specimen col-
lected from the offshore waters contained only mysid shrimp in its
stomach.

During winter, mysid shrimp were the most dominant forage species
although fish and fish parts were found. The most commonly ingested
fish during winter were menhaden and star drum. In spring, fish were

the dominant food with menhaden as the dominant species although mysid
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shrimp were also ingested. In summer the major foods were menhaden,
anchovies, squids and crustaceans. In fall the major foods were white
shrimp, menhaden and star drum. The second shift in major food items
indicated that weakfish were highly opportunistic feeders.

Feeding activity, as related to the number of stomachs containing

food, was greatest during spring and summer as over 817 of the stomachs

_contained food (Table 69). In fall there was a slight decline in

feeding activity as the percentage of stomachs containing food dropped
to 69.3%Z. Lowest feeding activity occurred in winter when only 62.87
contained food.

Feeding activity was greatest in the creeks (84.67% contained food)
and lowest on the beaches (64.0%), with the sounds midway between (73.4%).
No conclusions are drawn for offshore waters as only one specimen was
examined from the sector.

At water temperatures below 15°C over 40% of the stomachs examined
were empty, indicating decreased feeding activity or low food availability
or both (Table 50). As water temperatures increased to ZlOC, the per-
centage of empty stomachs dropped below 16%, and at temperatures above
21°% only 5% of the stomachs were empty. These figures indicate that
feeding activity was greatest and food was most abundant during summer
when water temperatures were highest.

Weakfish are voracious feeders. Study results reveal that this
species fed actively throughout the lunar cycle as 73.6% of all
stomachs examined contained food (Table 51). Peak feeding activity
occurred during first quarter moon and three days immediately there-
after, and during the three day period prior to last quarter as over
83% of the stomachs contained food. Periods of lowest feeding activity
occurred on full moon and during the three days following as only 547%
of the stomachs contained food. High turbidity during full moon pro-
bably resulted in prey being more difficult to capture.

Fish were the most common food item for weakfish during all seasons
with Brevoortia tyrannus the most common species. Mysids were the most

common crustaceans consumed by weakfish. B. tyrannus was the 15th most
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abundant fish species and Mysidae the fourth most abundant crustacean

collected in three meter trawl samples (Table 54). Therefore, preference

may be more intense for B. tyrannus than for Mysids. Other food items
which were common in weakfish stomachs included Stellifer Lanceolatus
and Penacus setiferus. Both of these food items were common in trawl
samples, indicating a random feeding selection or preference for these

species.

RED DRUM

Red drum (Sciaenops ocellatus) range from Laguna Madre, Mexico to
south Florida in the Gulf of Mexico and along the Atlantic coast from
south Florida to New York (Fischer, 1978).

Younger red drum, less than four years of age, commonly inhabit
Georgia's inside waters in areas similar to that of spotted seatrout.
Also, when marshlands are inundated during flood tides, they often move
into these submerged areas to feed. Older red drum are commonly found
in the surf zones on sandy beaches and in shoal areas associated with
the mouths of major river systems such as the Altamaha River. During
spawniﬁg, it is generally believed that older red drum move to offshore

waters, possibly over live bottom areas.
Movement and Migration

From March 3, 1979 through June 22, 1982, 368 red drum were tagged
and released. Length frequencies of tagged red drum in 50 mm length
groups are included in Table 70. Lengths (TL) of tagged red drum ranged
from 257 to 996 mm for those tagged with Howitt tags and 264 to 1,045 mm
for those tagged with Floy tags. Length frequencies of red drum tagged
with each tag type are shown in Table 71. O0f 368 specimens tagged, 38
were tagged with both tag types in order to compare and evaluate tag
retention. Table 72 lists the length frequencies of tagged red drum in
20 mm length groups by gear type.

Tagged red drum were returned from August 22, 1979 through July 25,
1983. Of 368 tagged, 79 (21.5%) were recaptured and tags returned.
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Recovery rates, when separated into 50 mm length groups, ranged as high
as 28.9%. Table 70 presents the number of fish released and recaptured,
time at large, and distance traveled. Time at large ranged from 2 to
1,104 days with an average at large time of 168 days. Maximum distance
traveled was 178 km with an average of 14.2 km.

The overall recovery rate with Howitt tags was 24.1% while Floy
tags failed to produce any recoveries (Table 71). Of 38 red drum
tagged with both tag typés, 9 (23.7%) were recovered. Six of these nine
recoveries were at large from 6 to 85 days and had both tag types attached.
The remaining three double-tagged red drum were at large 216 to 641 days
and only the Howitt tag remained attached.

Recreational fishermen were the major source of red drum recoveries,
accounting for 71 (89.97%) of the 79 returns. Study activities accounted
for 8 (10.1%) while commercial fishermen failed to return any recaptures
"(Table 11). Of 71 recreational recaptures, 41 (58%) included sufficient
information to determine lengths of creel-size fish. Lengths (TL) of
recreational recaptures ranged from 31l to 659 mm and averaged 447 mm
(Table 14). Larger red drum were tagged, but only one was recaptured.
This fish was tagged in the sound sector and recaptured on the beach in
September after being at large 641 days. Unfortunately, recapture length
was not available for this individual. However, it had measured 642 mm
when released, and it weighed approximately 7.3 kg when recaptured. From
our length-weight curves the estimated length when recaptured was approxi-
mately 900 mm (Figure 24). Large catches of adult red drum on Georgia's
beaches and shoals were not uncommon in the past, but reported catches
have decreased dramatically in the last 5 to 10 years. Recoveries indi-
cated that recreational fishermen fishing inland waters were likely to
catch red drum ranging from 300 to 700 mm (Table 13). However, reds
greater than 750 mm tended to move to areas of higher salinities in
beach, shoal, and offshore waters. These areas generally receive less
fishing pressure than the inside waters.

Of 79 recoveries, 71 produced sufficient information to determine

the estuarine sector,location and season of recapture. The sounds had
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the highest return rate (83.1%). Approximately the same percentage was
recaptured in the sounds as was released (Table 14). Creek and beach
sectors together produced the remaining recoveries (16.9%). Although
larger specimens occur offshore during fall and winter, this area failed
to produce any recoveries. Recovery data indicated that red drum were
most abundant in the inside waters during summer and fall, Inside waters
accounted for approximately 967 of all red drum recoveries (Table 15).

Georgia residents fishing in state waters accounted for 67 (94%) of
the 71 recreational recoveries. Of these resident fishermen 53 (79%)
traveled 40 km or less to reach the location of recapture and approxi-
mately 917% traveled less than 160 km (Table 16).

The principal bait used by recreational fishermen to catch red drum
was shrimp. Approximately 877% of all recreational red drum recaptures
were caught on live shrimp with an additional 9.8% being taken on dead
shrimp (Table 17). Artificial lures and cut bait (mullet) accounted
for the remaining two recoveries.

Approximately 62% of the recoveries were caught in the immediate
area of release. Of 79 recoveries, 70 (88.6%) were recaptured within
25 km of the tagging site. TFour recoveries (5.1%) had moved from 26 to
100 km, and five (6.3%) had traveled over 100 km from the point of re-
lease (Table 73). The distance traveled and time at large for nine red
drum that traveled over 25 km ranged from 49 to 178 km and 47 to 215
days. The average release length of these individuals was 334 mm. Four
of these were recaptured during the fall and exhibited an average north-
ward movement at 112.5 km. The greatest northward movement (161 km) was
to St. Helena Island, South Carolina. The other five individuals exhibited
an average southward movement of 112.2 km with the greatest movement
(178 km) to the jetties at St. Augustine, Florida. The individuals that
moved southward were recaptured during fall, wintef and spring. In
general, winter was the period of greatest movement, averaging 30.8 km
(Table 21). Only 5 (6.3%) were recaptured beyond Georgia waters. Also,
72% of the drum that moved out of Georgia estuaries were recovered during

the fall season.
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Recovery information was insufficient to ascertain seasonal move-
ment trends within the estuary. Movement within the estuary appeared
to be random during spring, summer and fall, and very little movement
was observed during winter (Table 74), Similar movement behavior was
reported for red drum in Texas bays (Simmons and Breuer, 1962).

In Florida, Beaumariage (1969) reported 91.27% of the red drum re-
coveries did not move significantly from their release locations. Approxi-
mately 89% of the recovered Texas red drum moved less than 25 km (Matlock
and Weaver, 1979). Simmons and Breuer (1962) reported little movement of
red drum between Texas bays and even less between bay and gulf.

In general, data indicate that small red drum on the Atlantic and
Gulf coasts exhibit little movement. Movement within bays and estuaries
appears to be random, usually being initiated by changing climatic con—
ditions. Larger red drum generally move to beach and offshore waters
and seldom return to the bays or sounds. Understandably, most tagging
activities have been conducted in the bays and estuaries where red drum
were more abundant, thus limiting the amount of movement, spawning and

life history information available for larger red drum.
Length-Weight Relationship

Based on 103 specimens, ranging in length from 32 to 1,099 mm and
weight from 1 to 14,336 g, the length-weight relationship for red drum
was log W = 2.722 logL -4.220. The correlation coefficient value for
length-weight for red drum was 0.9776 (P < 0.0001). Figure 24 illustrates
the length-weight relationship for red drum. Least-squares regression
analyses on the relationéhips between fish length and weight for male,
female, and all red drum combined are shown in Table 24. The greatest
lengths recorded for male and female red drum during this study were
776 and 1,099 mm, respectiyvely. The heaviest specimens were a 4,152 g
male and a 14,336 g female. The weights of Georgia red drum are com-

pared with fish from other areas in Table 75.

144



L1

O

O

)

\ t

Table 74. Seasonal movement of red drum, Scigenops vecllatus, tagged in the coastal waters of Glynn County,
Ceorgia from January 1979 through June 1982.
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Age and Growth

Age and growth studies based on length frequencies and scale and
otolith techniques have been applied as an ageing method for young red
drum (Pearson, 1929; Gunter, 1945; Miles, 1950 and 1951; Simmons and
Breuer, 1962; Theiling and Loyacano, 1976; Rohr, 1980). In general,
the length frequency method for determination of age was applicable for
ageing red drum during the first few years of life, but‘age‘of older
red drum must be estimated with the use of hard parts. However, as found
for both red and black drum, after age IV or V more than one annulus-
like mark may be formed on scales and otoliths each year (Richards, 1973;
Rohr, 1980). These additional marks may consist of summer and winter
annuli and spawning checks (Rohr, 1980).

Scales and otolith sections from 104 red drum ranging from 32 to
1,099 mm were examined. The scales from 90 (87%) individuals were con-
sidered legible for age determinations. Ninety-seven percent of the
specimens exhibited lengths less than 777 mm. The remaining 3% (3) possessed
lengths ranging from 1,060 to 1,099 mm. Both scales and otoliths proved
useful for ageing individuals less than 800 mm. However, circuli dis-
conformities and closely spaced annuli made scales unreliable as an ageing
structure for larger specimens. Otolith ring counts for the only three
large specimens collected in Georgia ranged from 20 to 31 rings. Unfor-
tunately, with such low numbers it was impossible to document when and how
many rings were formed each year in order to estimate age of the larger
red drum (Figure 25).

Scales and otoliths from smaller individuals (<280 mm) collected
during June and August showed no annulus, suggesting that no annulus
was formed the first winter. Theiling and Loyacano (1976) reported
similar findings for red drum raised in saltwater marsh impoundments in
South Carolina. ‘Red drum were approximately 16 months old when the first
annulus was formed. Annuli formation on scales and otoliths from red
drum collected in Georgia were found to be relatively simultaneous.

Calculation of mean monthly growth of marginal increments indicated that
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except for the first winter, scale annuli were formed only once annually
for at least the first three years of life. A single annulus formation
was detectable on young red drum scales from mid-February through April.
In an attempt to validate the number of annuli being laid down each year,
scale samples from five recaptured red drum were also compared with scale
samples taken at the time of release. Unfortunately, only one specimen
was at large more than 122 days and possessed additional annuli. This
female specimen was tagged August 14, 1981, measured 301 mm, and possessed
no scale annuli. It was recaptured February 1, 1984, exhibited a growth
increase of 426 mm in 901 days, and possessed two annuli. Such findings
indicate only one annulus per year for at least the first three years of
life. Due to the recent recapture of this drum in relation to publication
of this paper, recovery information was not included in any of the tables.
Sufficient numbers of older red drum were not collected to document time
of annulus formation or number of annulus-like marks formed each year.
Linear regression analyses on the relationship between fish lengths and
scale radii yielded a correlation coefficient value of 0.93 (P < 0.0001)
which suggests back-calculations based on fish length/scale radius would
be reliable for estimating fish length at time of annulus formation.
The empirical and mean back-calculated total lengths for red drum through
Age III are shown in Table 76. Figure 26 illustrates the length-age
relationship for young red drum less than four years of age, and Table 77
shows the empirical and weighted meén back-calculated lengths for juvenile,
male, female, and combined red drum., Length-age equations for young red
drum are shown in Table 27,

0f 11 fish species investigated, red drum exhibited the greatest
mean daily growth rate during the first two years of life (Table 32).
To substantiate yearly growth of young red drum, the growth rate of
tagged specimens at large from 11 to 13 months was compared with annual
growth estimates based on back-calculations. Recapture lengths of the
seven re& drum at large during this one-~year interval ranged from 510
to 636 mm with an average of 582 mm which would place the average

estimated fish age at approximately 1.5 years. The mean annual growth
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Figure 26. Length-age relationship of red drum, Sciaenops
ocellatus, collected in Glynn County, Georgia.
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Table 77. Number, empirical and back-calculated total lengths,
and growth Iincrements by sex and age for red drum,

Seiaenops ocellatus, collected in coastal waters

of Glynn County, Georgia from January 1979 through

June 1982.
Age
Sex 1 2 3
Juveniles
Number 3
Mean Length at Capture 373
Back-Calculated Length 321
Growth Increment 321
Males
Number 9 5 1
Mean Length at Capture 475 711 776
Back-Calculated Length 435 656 746
Growth Increment 435 221 90
Females
Number 12 3
Mean Length at Capture 541 731
Back-Calculated Length 412 645
Growth Increment 412 233
Combined
Number 24 8 1
Mean Length at Capture 474 718 776
Back-Calculated Length 403 653 746
Growth Increment 403 250 93

NOTE: Lengths measured in millimeters.
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for seven tagged red drum was 215.7 mm, producing a mean daily growth of

0.59 mm. Estimated daily growth based on back-calculations for drum in

their second year of life (Age I) was 0.69 mm, indicating slightly greater

growth than was estimated from recapture data (Table 27).

As shown in Table 78, growth rates of Georgia red drum were similar
to those reported by investigators in Texas (Pearson, 1929; Gunter, 1945;
Miles, 1950 and 1951; Simmons and Breuer, 1962) and South Carolina
(Theiling and Loyacano, 1976).

Maturity and Spawning

Adult red drum occur in relatively low numbers in Georgia and are
concentrated for the most part in either the beach surf or offshore habi-
tat, depending on season. The greatest known concentration of adults in
Georgia is in the surf zone near the mouth of the Altamaha River in the
central portion of the Georgia coast. Although adult reds do occur in
other locations, their numbers are quite reduced. During the first two
years of this study, only the St. Simons and St. Andrew estuaries were
sampled. Consequently, the adult red drum were not collected. The
Altamaha River area was later included to insure collection of all size
groups, but there was an unusually low occurrence of adults during this
period and we were unable to collect large specimens. Adults occurred
in such low numbers that a local annual red drum "channel bass" tourna-
ment on the Altamaha River failed to produce a single tournament entry.
The reason for this low occurrence of adults was unknown.

Spawning apparently takes place at sea during fall and early winter
during the time when adults have left the surf zone and migrated to open
ocean waters. Personal communication with coastal anglers who fish for
"stags" indicates that spawning probably takes place in offshore waters
as nearly all of these fishermen report a complete absence of advanced
maturity in the fish they catch in inland and surf zones. Migrating
schools of larger red drum are periodically sighted during the late
summer and early fallmigration which is probably a prespawn congregation.

These surface schools of medium size and large reds are most often
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observed in offshore waters from August to October.

One instance of a gravid red drum was taken by recreational anglers
from a school of subsurface reds in offshore waters in September 1981,
approximately 4 miles southwest of Gray's Reef, a natural live bottom
area which lies approximately 16 miles east of Sapelo Island (Captain
Ken Murray, personal communication). Four mature prespawning red drum
were caught while deep trolling. One "'roe" female measured 1,069mm
(42 inches) and weighed 13.01 kg (28.7 1b). Unfoftunately, project per-
sonnel were not notified of the catch until sometime later and were unable
to examine these fish.

Attempts by project personnel to collect large adults failed in
every attempt as only nine specimens over 700 mm were collected. The
largest specimen was a 1,061 mm "resting'" stage female collected in
March. Project design and scope partially limited the collection of
large reds. Only.two large reds were collected during the entire study.
The first specimen was tagged and released in April, and the other adult
mentioned above was sacrificed for life history study. Both of these
fish were collected from the surf zone adjacent to the mouth of the
Altamaha River.

No larval or postlarval specimens were identified in ichthyoplankton
samples collected during this study (Table 63). However, one juvenile
was collected in the 3-meter trawl in Clubbs Creek in St. Simons sound
during the winter (Tables 52 and 53). Two young specimens 39 and 54 mm
(TL) were collected in mid-July, and four specimens 32 to 86 mm were
collected in November. Collection of these young specimens indicates that
spawning probably runs from as early as June to as late as December.

The smallest specimens for which sex was determined through gross
examination were a 341 mm female and a 315 mm male. Both of these fish
were in their second year of life. The smallest stage II female observed
was 545 mm (age I), but no stagé II males were collected. The only stage
1V male collected was an age II specimen 755 mm long.

By compiling information from other investigations, Peret et al.

(1980) reported that maturity is reached at 305-381 mm in Alabama,
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320-395 mm in Mississippi, and 700-800 mm in Texas, and that ripe fish
as small as 425 mm (two years old) had been found by Gunter (1945).
Simmons and Breuer (1962) reported that spawning normally occurs at the
end of the third or fourth year when the fish are 700-800 mm (SL), but
ripe fish as small as 450 mm have been found.

The stages of gonadal development for red drum collected during
the study are presented in Table 79. All of the fish collected from
February through August exhibited stage I or 'resting stage' gonads.
Stage I1 was the most advanced level of gonadal development for females,
and these were taken from September through January. The only specimen
exhibiting advanced gonadal development (stage IV) was a 755 mm (4.6 kg)
male collected inside St. Simons Sound on 2 September 1981 (Table 80),.
This specimen was collected in 30 °/o0 salinity and 28°C surface water
temperature (Table 81). ,

Peret et al., (1980) summarized the following information on red
drum spawning in the Gulf, Along the Florida coast spawning occurs in
autumn, probably beginning in September and peaking in October, and the
absence of ripe females in Florida estuaries sﬁggests offshore spawning.
In Alabama the spawning season was reported as mid-August through December,
peaking in mid-September through October near inlets and passes. In
Mississippi it begins in September, with mature fish observed only on
the Gulf side of barrier islands. In Louisiana spawning occurs from late
summer through early fall, and large schools of spawning red drum are
reported to congregate around major passes from August through November.

Additional studies are needed on all aspects of red drum life history
in Georgia to determine size and age at maturity and spawning as well as
actual time and geographic location of the spawning grounds. Future
studies must target the largest specimens in offshore waters during early
fall and winter to collect information not obtained under the current
study.

As shown in Table 40, red drum exhibiting advanced reproductive
stages of maturity were virtually absent from collections made in

Georgia estuaries. This prohibited the determination of fecundity for
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this species. However, fecundity estimates for Texas red drum range
from 350,000 to 3,500,000 eggs (Pearson, 1929; Colura, 1974; Johnson
et al., 1977).

Food Preference and Feeding Habits

The population of red drum in our study area is relatively small
as compared with that of spotted seatrout. Catches of red drum were
usually incidental to the collection of other ;pecies, and the large
adults were extremely diffiéult to capture even when targeted. All red
drum collected were <1,100 mm.

The results of stomach analyses by 100 mm length groups are pre-
sented in Table 82, Of 94 stomachs examined 72 (76.7%) contained food
and 22 (23.47%) were empty. Small red drum (<300 mm) showed a definite
preference for crustaceans with penaeid shrimp, grass shrimp and a
variety of mud crabs being the most common foods. As they increased
in size (301-800 mm) they began to incorporate more fish into their
diets, but crustaceans remained their staple food source. Since only
one specimen over 800 mm was collected for stomach analyses, data on
the large specimens are lacking. The most commonly ingested crustaceans
were white shrimp (Penaeus setiferus), mud crabs (Panopeus herbstii),
and sand fiddler crabs (Uca pugilator). The most frequently ingested
fish species were mummichogs (Fundulus heteroclitus) and striped mullet
Mugil cephalus).

-With the exception of two specimens collected from the beaches, all
specimens were taken from inside waters, primarily from the sounds. From
the wide diversity of organisms found in stomachs from inland waters it
is apparent that smaller red drum (<800 mm) are opportunistic feeders
with a definite preference for shrimp and crabs (Table 82).

Investigations in other states have shown similar results with
crustaceans and fish accounting for most of the reported food .items in
the diet of red drum. The percentages of the various food types varied
with geographic location, season and size of fish (Perret et al., 1980).

Pearson (1929) reported commercial penaeid shrimp to be the top food
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choice for Texas red drum and small blue crabs ranked second. He found
shrimp dominant in all fish <460 mm, Yokel (1980) reported that red
drum fed heavily on crustaceans throughout their range. Bass and Avault
(1975) found that red drum <9 mm fed on copepods, and as length increased
to 50 mm the diet shifted to Mysidacea. Boothby and Avault (1971) found
little difference in food for various size groups with the principal
difference being that smaller size fish fed on smaller prey species of
fish, crabs, and shrimp,.

The top 10 food items found in red drum stomachs are presented by
season and sector in Table 83. Crustaceans were the primary food source
and white shrimp were the most frequently occurring species for all
seasons and sectors combined (Table 83). Crustaceans were the staple
food source in the creeks with white shrimp and sand fiddler crabs as
top items., In the sounds the preferred foods were mud and fiddler crabs
although some fish fragments were observed. Although only two specimens
were collected from the beaches, penasid shrimp and Atlantic croaker were
found in stomach contents.

During winter a wide variety of foods were ingested and there was
high utilization of fish. The primary crustaceans consumed were grass
and snapping shrimp as commercial penaeids were less abundant. The
dominant fish species were mummichogs, menhaden and mullet. During spring
they fed on both crabs and fish. During summer the main foods were white
shrimp and fiddler and mud crabs, and during fall the major foods were
mud crabs, white shrimp and fiddler crabs. Boothby and Avault (1971)
found seasonal differences in feedihg habits with fish more prevalent
in diet during winter and spring while crustaceans became important during
late spring. '

Food availability and feeding activity appeared greatest in the
creeks as 86.7% of the stomachs contained food (Table 84). 1In the
sounds the percentage dropped slightly to 71.0%. Only two specimens
were collected from the beaches and none were collected from offshore
waters. Consequently, no conclusions are drawn for these sectors.

Seasonally, lowest feeding activity occurred during winter as only
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64.7% of the stomachs contained food. Peak activity occurred during
spring and fall with over 93% containing food (Table 84). At tempera-
tures below 20°C only 67% contained food while at temperatures above
21°C the percentage jumped sharply to 80% (Table 50).

Feeding activity wés greatest from last quarter through the three
day period preceding new moon (Table 51). Lowest feeding activity
took place during new moon when 507 of the stomachs examined were
empty. Further discussion of feeding activity by lunar phase is pre-
cluded by limited sample size.

Crustaceans were the most common food item for red drum during
all seasons. Penaeus setiferus was the most frequently occurring
species during all seasons followed by a variety of other decapods such
as Panopeus herbstii and Uca pugilator (Table 82). P. setiferus and
P. herbstii were the 3rd and 1lth most abundant crustaceans collected
in three-meter trawl samples, respectively (Table 54). The most com-
monly occurring fish in red drum stomachs were Fundulus heteroclitus,
Brevoortia tyranwus, and Mugil cephalus. Only B. tyrannus occurred
in the top 15 most abundant fish species collected in the three-meter
trawl samples.” Although fish were a common food source, the data

indicated that crustaceans were the preferred food items.

SOUTHERN FLOUNDER

Southern flounder (Paralichthys lethostigma) are geographically
distributed in the Gulf of Mexico from Texas to south Florida and aléng
the Atlantic coast from south Florida to North Carolina (Fischer, 1978).

Flounders prefer smooth mud and sand bottom areas conducive to bury-
ing beneath the sediment surface where they are concealed against pred-
ators while awaiting unwary prey. Flounders are often found feeding
on crustaceans and juvenile fish during ebb tides at mouths of small
tidal creeks. They are found at all depths within the estuaries but

are quite common on shallow flats especially during flood tides.
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Movement and Migration

From January 17, 1979 through June 28, 1982, 1,181 southern
flounder were tagged and released. Length frequencies of tagged
flounder in 50 mm length groups are included in Table 85. Lengths
(TL) of specimens tagged with Howitt tags ranged from 118 to 629 mm
while those tagged with Floy tags ranged from 145 to 451 mm. Length
frequencies of flounder tagged with each tag type are shown in Table 86.
Length frequencies of southern flounder collected for tagging are
listed by 20 mm length groups and gear type in Table 87.

Tagged southern flounder were returned from March 21, 1979 through
July 7, 1983. Of 1,181 flounder tagged, 75 (6.4%) were recaptured and
tags returned. Recovery rates, when separated into 50 mm length groups,
rangéd as high as 7.9%Z. Recovery rates ranged from 4.3 to 7.9 percent
for all 50 mm length groups between 151 and 500 mm (Table 85). Within
this length range recovery rates indicated little difference in tag
retention or fishing pressure as related to size of fish. The number
of flounder released and recaptured, time at large, and distance traveled
appear in Table 85. Time at large ranged from 2 to 716 days and averaged
215 days. Distance traveled ranged as far as 556 km with an average of
53.8 km. The overall recovery rate for southern flounder tagged with
Howitt tags was 6.6% and with Floy tags it was 3.9%7 (Table 85).

Recreational fishermen were the major source of southern flounder
recoveries with 41 (54.7%) of the 75 returns. Commercial fishermen
returned 30 (40.0%) tags, while study activities accounted for the re-
maining 4 (5.3%) recoveries (Table 11). Of 41 recreational recaptures,
28 (687%) included sufficient information to determine lengths of creel
size fish. Lengths (TL) of recreational recaptures ranged from 222
to 436 mm with an average size of 340 mm (Table 12). Length frequencies
of recreational recoveries indicate that 96% of the fish ranged from |
250 to 450 mm (Table 13).

Of the 75 recaptures, sufficient information was obtained on 69
(92%) fish to determine the location and season of recapture. The

sounds had the highest return rate at 44.97 while the creeks had the

169



o @ @ o ® O v

.2an3dE091 3o Jufod 03 98®aYa1 Jo JuFod WOIF 81IIJWOTTY UF PIINSEIW IdURISTQ /T

96¢ 8°¢€S 91¢ S12 %°9 St 181°1 1830]),

0°0 0 € 0S9 - 109

0°0 0 £ 009 - 1SS

0°0 0 L 0SS — 10§

L %L €11 €11 £°'s 1 61 005 - TSY

0 0°0 OtT 6%y 0°¢L € £y 0cy - 10%

%z ¢°18 1 XA A ¥ Sy Vi 88 00y - 16t

9GS 9°0TIT 00§ zoe 1Y 11 602 05t - 10t

€9t LTy GES VA4 6°L 6t n6% 00¢ - 1¢¢

61¢ L°0s 91L %9¢ 8°¢ 71 144 06z - 10T

68 | G 9¢ LET LTT £y 13 0L 00Z - 1ST

) 0°0 0 (4 0sT - 10T
T XER 37X “XOR T BAY pauaniay painideday pesseyL dnois yasue|

\ﬂﬁsxv poToA®i] 90UvI8]d 983%] av sAeq juaalad a9aquny Ioquny

-sdnoag y38uey wm Qg uy ‘vwbirzsoyial
pateAeil 2oueisip pue 28127 3e sep ‘painidedax jusoxad pue 1aqunu ‘pas8el zsquny -¢g IT9BL

8AY3Yo11DIDd ‘I2PUNOTJ UIAYINOS 103

170



7°9 L 181°T  6°¢€ Y €01 9°9 44 8L0°T Tel0]
13 £ €79
£ £ 1749
L L 1YAY
£°s 1 61 T 9°¢ I 8T SLY
0°L € £y T It € A4 Ty
S'y ki 88 8 Q'S ? 08 SLe
£°s 1 602 €91 z vl 9y 6 S6T sze
6°L 6¢ v6% (41 (4] 6¢ VA4 SLT
8¢ 71 €42 9°T 1 8¢ €°9 €1 50T cte
€y € 0L 0°¢s 1 [$14 o'y [4 169 SLT
Z T 1 1741
paanadeoay poulngay poddel paanidwooy pouiniay poaddel peanadeoay pouinjiay pasdel {am)
juadaag Jaquny  Iaquny 3uasaag xaquny  laquny U9d393 Jaquny zxaquny dnoas
. y38ueg

pautquo) 3] AOT4 el 33ITACH

*2861 2ung ysnoayy ¢/ Lxenuep woly e181099 ‘£3unon

uukys uy paddel ‘pwbirggoyga] efiyzyor]vapg ‘1apunolj urayinos 103y sdnoad yiBusT mm g
uy pautquod s8el 103 pue s8el LOT4 10 IITMOH 103J S23B1 UANIAX 3yl pue poslBel zequnu Tev30] -9g PTqEL

)

)

171



hd A b o ® o 0 0) ()
81T 11 11 14 206 7 L6 [ 9 L %1 9 STV10L
1 1 0t9
z 1 T 019
1 1 0 06S
) 0 0 0Ls
b4 1 1 0 8199
Z g 0 < 0€s
< 1 1 1 0 < 01¢
€ 4] 0 0 0 € o6y
6 |3 0 € 1 Z oLy -
11 1 1 1 1 4 A € osYy
81 1 0 9 0 Z A [4 oty
12 -0 0 S 0 € 4 z 6 oty
87 0 I 1 11 0 8 0 1 1 4 1 06¢
6€ 1 0 0 97 1 9 0 1 0 S 0 1743
Yy 4 1 0 x4 1 € 0 0 T 0t o (8193
Ge 1 0 0 1< 01 1 ] 1 021 1 oee
€11 1 1 0 a6 [4 1 0 £l 0 01¢
961 0 1 0 (SJA [¢2 1 0 [ 31 1 0627
00¢ 1 z 4 (44 11 0 1 o1 1 042
(A 4 4 0 el 11 < 1 0z 0 062
00T 0 4 T (44 ST v 1 0€?
89 1 09 £ € 1 01¢
1€ 4 4 4 061
1 [A 1 0 (1131
8 L 1 oSt
0 0 o€t
14 it 011
stelol Ut dexy 3N ae1l auyag 13N 9 8/G ¢ /1 € 8/t T Z (uww) y33usz]
pue JOoH ise) Toumesy (sayoutr:iyssw yo31913S) 219N (119 ystd
*7861 @ung y8noayz g/67 Lienuer wox} e1810a39 ‘Kiuno) uukyry ut pa1d2at102
4ST3 103 aanides ut pasn aes8 £q pue dnois Yiduar £q padlSe1 ‘rowbigseoyz2] 2AUIYD1DIDI) 19PUNOTZ UIIYINOS JO IaquENY *L(8 2TAqeL

172

()



L1

)

()

)

lowest at 10.1%. The percentage of flounders released in the creeks
and sounds was proportionally higher than the percentage recaptured
(Table 14). 1In contrast, the return rate from the beaches and off-
shore waters was proportionally higher than the release rate. TFishing
pressure in offshore waters was primarily from commercial shrimp
trawlers.

0f 69 flounder recoveries from which information was obtained,

56 (8l%) were recaptured during summer and fall, with fall producing
approximately half (50.7%) of all recoveries (Table 15). Winter pro-
duced the lowest return rate of only 2.97.

Georgia residents fishing in state waters accounted for 27 (66%)
of the 41 recreational recaptures. Of these resident fishermen, 22
(81%) traveled 40 km or less to reach the location of recapture and
approximately 897 traveled less than 80 km (Table 16). In general,
most flounder were caught incidentally while fishing for spotted
seatrout.

The principal bait used by recreational fishermen to catch southern
flounder was shrimp, with approximately 72% of all recoveries caught
on live shrimp and 8.0% on dead shrimp (Table 17). Sixteen percent
of the recoveries were caught on live minnows while artificial lures
accounted for the remaining 4%. Avid flounder fishermen use primarily
live mummichogs and small mullet as bait. Although most recoveries
were caught on live shrimp, project personnel identified fish to be
the preferred food item of this species (Table 97).

Approximateiy 197 of southern flounder recoveries were caught in
the immediate area of release. 0f 69 recoveries, 48 (69.6%) were
recaptured within 25 km of the tagging site (Table 87). Other dis-
tances traveled and recovery rates were as follows: 25-100 km (13.1%);
101-300 km (13.1%); 301-500 km (2.9%); and over 500 km (l.4%) (Table 88).
Although black drum exhibited the greatest individual distance traveled
(619 km) for all species studied, southern flounder exhibited the greatest

average distance at 53.8 km. Also, southern flounder exhibited the

173



0°00T %'T 62 €L 8¢ 86 €L €°€E 6°ST °T 6°8T EL DB
0°00T 69 1 z S y Y g €2 11 T €1 TE30L
6°C 4 - - 1 - - 1 - - - - 0sL - T0S
§-L2 61 - 1 £ Y z 1 9 - T T 00S - TOE
S %1 0T - 1 - - 1 - 4 S - 1 00€ - 10T
8°s y - - 1 - - 1 - z - - 00Z - TST
T°01 L - - - - - - € 1 - € 0ST - TOT
9°TT 8 - - - - 1 4 Y 1 - - 00T - TS
9°17 61 1 - - - - - 8 (4 - 8 05 -1
wed3I3g  1e30L 00§ 00 00€ 002 00T 0S-9Z 62-9 &-I TI-1°0 O 381w
IdA0  -TO0E -T0T 101 -1S . IV s&eq

(W) peT12A®lIL 2oue3sid

*286T 2unr ysSnoayl 6,67 Axenuer woxj BY31099 ‘4A3unc) uuidrH uy podsel
‘vwbra80y3197 SAYIYO1IDIDZ I9PUNOTJ UIBYINOS 103J PI[aABA3 2OUeISTP pue IJaey e sdeq ‘gg ITqel

174



L) ]

)

)

Ct

highest percentage (17.47%) of individuals traveling more than 100 km,
Of the 15 specimens recaptured more than 50 km from the release site,
13 (87%) had moved southward an average distance of 176 km. Seven of
these 13 were recaptured during spring and had traveled an average
distance of 277 km. All southward recaptures were recovered during
spring, summer, and fall. Only two recoveries traveled more than

50 km to the north. One recovered during the fall had traveled 89 km,
and the other was recaptured during the spring near Surf City, North
Carolina, after traveling 556 km. Recovery data indicated the greatest
movement occurred dufing spring with an average distance of‘202.2 km
(Table 21).

Only 22 (32%) of all recoveries were caught within their estuary
of release (Table 89). Recoveries within the estuary were during the
summer and fall. The direction and season of greatest movement out-
side the estuary was southward during the fall, indicating movement to

higher salinity areas and warmer waters.
Length-Weight Relationship

The length~weight relationship for southern flounder, based on 233
specimens ranging from 125 to 700 mm and 23 to 4,771 g., was as follows:
log W= 3.091 Log L -5.157. The correlation coefficient value for
length-weight for southern flounder was 0.9802 (P < 0.0001). Least~
squares regression analyses on the length-weight relationships for
male, female, and all southern flounder combined are shown in Table 24.
Figure 27 illustrates the length-weight relationship for southern
flounder.

Length-weight relationship calculated for Georgia southern flounder
showed isometric growth (b = 3.091). The greatest lengths recorded
for males and females were 362 and 700 mm, respectively. The heaviest

specimens weighed 595 g for males and 4,771 g for females.
Age and Growth

Although several members of the genus Paralichthys have received

extensive research in the northwest Atlantic, comparatively limited
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Figure 27. Length-weight relationship of southern
flounder, Paralichthye lethostigma, collected
in Glynn County, Georgia from January 1979
through June 1982,
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work has been devoted to ageing southern flounder. Ageing techniques
usually employed for southern flounder were length frequencies and
otolith analyses (Stokes, 1977). Shepherd (1980) conducted a compara-
tive study of various ageing methods for summer flounder including
length frequencies, scales, otoliths, and dorsal fin rays and con-
cluded "scales and fin rays are preferred because the annuli are

usually more distinct." However, Shepherd added "...alternative methods
using scales and fin rays will give comparable results to those obtained

' Therefore, we concluded scales and otoliths were re—

from otoliths.'
liable for ageing southern flounder.

Scales from 233 specimens ranging from 125 to 700 mm were examined,
and 198 (85%) samples were considered legible for age determination.
Otoliths from these 198 fish were also examined to document the validity
of annuli counts made from scales. Annuli formation on scales of south-
ern flounder appear as abrupt changes in the spacing of circuli patterns.
As with many temperate fishes, rapid growth of young individuals often
made the first annulus indistinct and difficult to detect. Year-mark
counts on scales and otoliths from the same fish were found to be rela-
tively consistent except during February, when otolith ring formation
was frequently detected slightly earlier than the scale annulus.

The calculation of mean monthly growth of marginal increments
validated that scale annuli were formed only once annually. A single
annulus formation was detectable on southern flounder scales during
February and March, with all scales bearing recent annuli by early
April,

Linear regression analyses on the relationship between fish length
and scale radius were performed. The r2 value of 0.87 (P < 0.0001)
suggests the relationship was sufficiently linear to warrant simple
proportion calculations to determine fish length at time of annulus
formation, The empirical and mean back-calculated total lengths at
age for southern flounder are shown in Table 90. Figure 28 illustrates
the length-age relationship for southern flounder, with the principle

of least squares employed to draw the line of best fit. Length-age
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Figure 28.
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Length-age relationship of southern flounder, Para-
lichthys Llethostigma, collected in Glynn County,
Georgia.
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equations appear in Table 27, Table 91 presents the empirical and
weighted mean back-calculated lengths for juvenile, male, female,
and combined southern flounder.

The annual growth rates determined from back-calculations were
compared to the mean growth rates for nine southern flounder at large
from 11 to 13 months. Their average length when tagged was 298 mm
or approximately age II. Back-calculation data revealed the annual
growth rate of flounder in their third year of life to be between
134 and 159 mm (Table 91). However, the annual growth estimate cal-
culated from recapture data was approximately half the growth (73 mm)
derived from back-calculations. Considering that growth rates based
on back-calculations of Georgia fish were similar to rates reported
for Texas flounders (Stokes 1977), it was assumed that tagging may
have had a detrimental effect on the growth rate of this species,

The oldest southern flounder collected were an age III male and
an age VI female., Stokes (1977) reported maximum ages of female and
male Texas southern flounder to be IV and 1I, respectively. Lengths
of Georgia and Texas flounder were comparable for fish of similar

sex and age.
Maturity and Spawning

The southern flounder is the most common flounder in both commer-
cial and recreational catches in Georgia waters. Little is known
about spawning activity for this popular species because little, if
any, spawning activity odcgrs in inshore waters. Mahood et al. (1974)
found that young southefn flounder were taken in Georgia throughout
the year in seining operations with peak abundance during May.

The smallest southern flounder for which sex could be deter-
mined through gross examination were 130 mm (Age 0) for females and
232 mm (Age I) for males. Unfortunately, an insufficient number of
adult specimens were collected to determine length and age at first
spawning as spawning apparently takes place at sea outside our study

area.
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The sexes and maturity stages of 114 southern flounder examined
during this study are presented in Table 92. All specimens old enough
to determine sex exhibited early stages of gonadal development (stages
I-III). Of all females examined, 92% were stage I, 77 were stage II,
and only 17 (1 specimen) had reached stage II1I. Males showed even less
development as 917 were stage I, 97 were stage 1I, and no stage IIT
development was observed.

Maturity stages are presented by month and salinity in Table 93.
The only stage 111 female observed was collected during August in waters
with salinity in excess of 31 o/oo. This high salinity level is typical
for Georgia beaches and offshore waters, and isvprobably an indicator
that this fish was preparing to move offshore in anticipation of the
fall and winter spawning season.

Maturity stages are presented by tempefatdre and salinity in
Table 94. Since no advanced stages of gonadal development were en-
countered in inshore waters, little can be surmised concerning maturity
and spawning.

No larval or postlarval southern flounder were identified in
ichthyoplankton samples. However, four unidentified postlarval speci-
mens of the family Bothidae were collected in February (Table 63).

Only one young southern flounder was collected in the 3-meter trawl,
and this specimen was collected during the fall on the beach (Tables 52
and 53).

Ginsburg (1952) suggested that spawning probably takes place in
late fall and early winter and that the season was probably extended.
McClane (1965) reported that spawning apparently takes place in winter
as ripening fish have been caught in October; and young fish one to two
inches are taken from December to April off the Texas coast. Stokes
(1977) reported that sex differentiation in Texas flounders became
possible when fish were approximately 70 mm (6.7 in). He reported
that this species progressed from stage O (no gonads present) to
stage I (immature) to stage II (maturing) during the first year of

life, and that adults in developing condition began to enter the catch
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in mid-September. From October through December the adults showed
stage IV (developed) and stage V (gravid) development. He further
reported that they were gravid for the first time at two years.
Laswell, Lyons and Bailey (1978) used carp pituitary hormone to in-
duce spawning in southern flounder in the laboratory and found that
the eggs hatched in 40 hr at 22°C water temperature.

More studies are needed on this species in Georgia as it was
difficult to attain sufficient data on maturity and spawning from
our sampling design and study area. Offshore work should be done with
trawls during fall and winter to collect the large spawners.

Sex ratios favored females in all length groups with an overall
ratio of 9.5:1 (Table 41). Males comprised 7% of the catch except in
a salinity range of 16-20 0/oo where six (40%) of the 15 specimens
were males (Table 93).

As shown in Table 40, southern flounder exhibiting advanced re-
productive stages were virtually absent in collections made in Georgia

estuaries, prohibiting the determination of fecundity for this species.
Food Preference and Feeding Habits

The food items ingested by southern flounder are presented by
fish size in 100 mm length groups in Table 95. Of 221 stomachs examined,
113 (51.17%) contained food and 108 (48.9%) were empty (Table 96). Small
specimens (<200 mm) consumed nearly equal proportions of fish and crus-
taceans. In specimens 201 to 400 mm, there was a sharp increase in the
amount of fish being consumed with the bay anchovy (4dnchoa mitchilli)
and sea catfish (Adrius felis) being dominant. The major crustaceans
were white shrimp (Penaeus setiferus) and mantis shrimp (Squilla empusa).
Specimens over 400 mm showed a definite preference for fish. Surpris-
ingly, the dominant species ingested was sea catfish although menhaden
(Brevoortia tyrannus) and mullet (Mugil cephalus) were also observed.
The largest southern flounder collected for stomach analyses was a 700 mm
specimen weighing 4.9 kg. This particular specimen had ingested a 292 mm

(11.5 in) mullet.
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Similar results have been reported by other investigators in other
states, Stokes (1977) reported that 95% of the food found in small
Texas southern flounder (iO mm to 150 mm) were invertebrates with mysids
occurring most frequently. He reported that flounder in excess of 150 mm
fed mainly on fish with 70% of the food items being fish. The most fre-
quently occurring fish were anchovies, menhaden, croaker, and mullet,

He reported penaeid shrimp as the most frequent invertebrate in fish
over 150 mm. Powell and Schwartz (1979) reported that there were no
major differences in the seasonal diet of flounders in Pamlico Sound,
North Carolina, but reported that food consumption in juvenile flounders
increased as temperature increased. Throughout the year mysids and fish
were the principal food items. They also reported that older southern
flounder fed almost solely on fish.

The southern flounder is a voracious top line predator and an ex-
cellent eating fish. However, it is probably grossly under exploited
by recreational anglers in Georgia, Although coastal anglers often use
mummichogs as bait for flounders, this particular prey species was iden-
tified in only one stomach. Most flounders are caught incidentally on
live shrimp when anglers fish for spotted seatrout.

The 10 most common occurring food items found in southern flounder
stomachs by season and sector appear in Table 97. Of all stomachs ex-
amined, sea catfish and bay anchovy were the dominant fishes ingested
while white shrimp and mantis shrimp were the dominant crustaceans
(Table 97).

Winter feeding activities were focused primarily on fish, with
spot (Letostomus xanthurus), blackcheek tonguefish (Symphurus plaguisa),
and star drum (Stellifer lanceolatus) the primary species. Crustaceans
ingested during winter included mysids and grass shrimp. In spring,
only fish were found in stomachs, with bay anchovy, menhaden, mullet,
star drum and ladyfish (Elops saurus) being ingested. During summer,
fish were again the most frequently occurring food group with sea cat-
fish and bay anchovy the dominant species. Summer feeding activities,
however, showed much more diversity as a variety of crustaceans were

also consumed, including white shrimp, mantis shrimp, and blue crabs
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(Callinectes sapidus). Squid were also found in three stomachs during

summer. Fall feeding habits also included a variety of organisms, but

fish were again the preferred food item. There appeared to be no specific

species preferred as food. White shrimp were the dominant crustacean
although other species of crustaceans were found. Feeding activity was
apparently greatest during spring when 63.67 of the stomachs contained
food (Table 96). During fall and winter 1less than half of the stomachs
examined contained food with 42.6% and 41.7%, respectively.

In the creeks, 59.0% of the stomachs contained food, but in the
sounds the average dropped to 46.3%. Although only 13 stomachs were
examined from the beaches, 69.27 contained food. No stomach samples
were collected from offshore waters.

Feeding activity seemed to be greatest when water temperatures were
between 16 and 25°C as 60% of the stomachs contained food (Table 50).

At temperatures below 15°¢ only 41.5% contained food, and at tempera-
tures above 260C_the figure was only 52%.

Feeding activity appeared greatest during the three day period fol-
lowing first quarter and during the three day period prior to new moon
with 75% and 68.8% of the stomachs containing food, respectively (Table
51). Lowest feeding activity was observed during the three day period
before and including full moon, and during new moon and the three day
period thereafter as over 61.5% of the stomachs were empty.

As observed in Table 97, 4Anchoa mitchilli and Arius felis were the
most frequently occurring fish in southern flounder stomachs while
Penaeus setiferus and Squilla empusa were the major crustaceans. All
four of these prey species were included in the top 15 most commonly
occurring organisms collected with three-meter trawl (Table 54). All
four of these organisms were bottom orientedband highly mobile. There-
fore, considering the lay and wait feeding behavior of flounders, pre-
dation on these food items was probably greater than for less active or
upper water column oriented species. In general, our data indicate
southern flounder were opportunistic feeders, consuming any edible

species passing within striking range.
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SUMMER FLOUNDER

The geographical distribution of the summer flounder (Paralichthys
dentatus) includes the Atlantic coaét from Maine to Florida and the
northeastern Gulf of Mexico (Dahlberg, 1976). Younger summer flounder,
less than two years of age, prefer habitats similar to that of southern
flounder. However, the occurrence of older summer flounder is relatively
uncommon in Georgia estuaries. Apparently, the older individuals pre-
fer the higher salinity areas of the offshore waters, but juveniles are

abundant in the estuaries.
Movement and Migration

From March 22, 1979 through March 11, 1982, 141 summer flounder
were tagged. Length frequencies of tagged flounder in 50 mm length
groups are included in Table 98. TLengths (TL) of flounder tagged with
Howitt tags ranged 159 to 342 mm while those tagged with Floy tags were
174 to 365 mm., Length frequencies of summer flounder tagged with each
tag type are presented in Table 99. Table 100 lists the length fre-
quencies of summer flounder collected for tagging in 20 mm groups by gear
type. _

Only one (0.7%) summer flounder was recaptured; This specimen was
at large 167 days and traveled 19 km (Table 98). It was released in
the sound and caught in offshore waters during May by a commercial shrimp

trawler,
Length-Weight Relationship

The length-weight relationship for summer flounder, based on 25
specimens ranging from 89 to 258 mm and 7 to 168 g, was as follows:
log W= 2.920 logL -4.807. The correlation coefficient (rz'value) for
length-weight for summer flounder was 0.9899 (P < 0.0001). Figure 29

illustrates the length-weight relationship for summer flounder.
Age and Growth

In Georgia, juvenile summer flounder were the most abundant Para-
Lichthys species taken during a recent trawl survey (Virginia Baisden,

pers. comm.). However, summer flounder larger than 300 mm are relatively
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TOTAL LENGTH (CM)

Length-weight relationship of summer flounder,
Paralichthys dentatus, collected in Glynn
County, Georgia from January 1979 through
June 1982,
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uncommon in Georgia's estuarine waters, making southern flounder the
most common inshore flounder. Therefore, ageing of summer flounder
was limited to young specimens.

Based on the findings of Poole (1961), Eldridge (1962), Powell
(1974), Smith and Daiber (1977), and Shepherd (1980) as reported by
Smith et al. (1981), mean total lengths of summer flounder at‘the time
of first annulus ranged from 113 to 271 mm., Maximum ages for summer
flounder ranged from age I for males and age IIT for females in Pamlico
Sound, N.C. (Powell, 1974) to age VIII for males and IX for females
from Hampton, Va. (Eldridge, 1962). The largest mean back-calculated
length (691 mm) for summer flounder was reported for an age VII speci-
men from Martha's Vineyard Sound, Mass. (Shepherd, 1980).

Scales from 25 summer flounder ranging from 89 to 258 mm were
examined and 23 (92%) were determined to be useable for age analyses.
Of these 23 specimens, only one possessed an annulus (Table 101). The
remainder were all in their first year of life. Insufficient numbers
of fish bearing year marks prevented documentation of time of annulus

formation and growth rate.

Maturity and Spawning

Of the 27 summer flounder collected, only three (11.1%) were adults
and these were all young females exhibiting resting (stage I) ovarian
developmeﬁt. These females were collected from salinity above 26 /o0
and temperatures above 26°C.

No young summer flounder were collected in the three-meter trawl
during summer and fall, but one was found in winter and three were
also collected in spring (Table 52). Three of these four specimens
were collected in the creeks and one came from the sound'(Table 53).
Four postlarval specimens of the family Bothidae were identified in
ichthyoplankton samples in February, but identification to the species
level was not possible.

Juvenile summer flounder are often collected in inland waters,
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but as they increase in size, their abundance declines due to emigra-
tion from the estuaries. Mahood et al. (1974) repofted that young .
summer flounder were taken during seining operations in Georgia from
March through July, and were most abundant in May. Shipman, Baisden,
and Ansley (1983) reported collecting summer flounder ranging from
13 to 335 mm with a mean length of 105 mm during a recent trawl study
of juvenile marine species in Georgia. They found that summer flounder
were most abundant during April and May, but none were collected during
October and November.

Since summer flounder prefer sandy or hard bottoms (Hildebrand
and Schroder, 1928; and Ginsburg, 1952), and since most of Georgia's
estuarine areas consist of primarily soft mud and mud-sand substrates,
it is highly probable that this is a major contributing factor for emi-
gration of this species from the estuaries to offshore waters with in-
crease in size. Adult summer flounder have been collected near the
man-made reefs during April (personal observation) and have been reported

by spear-fishermen during July.

Ginsburg (1952) reported that the spawning period for summer flounder

was late fall and winter and possibly extended into spring in Chesapeake
Bay, judging from available evidence presented by previous work by Hilde-
brand and Schroder (1928), and by Bigelow and Welsh (1925). Smith (1969)
reported that summer flounder in Delaware Bay became sexually mature in
their third year, but no ripe fish were taken in Delaware Bay. He re-
ported signs of ripening gonads from August through November, and the
smallest male with ripening testes was 30.5 cm long. Henderson (1979)
reported spawning during the autumn migration to offshore wintering
grounds (approximately 150 meters depth), and that the young spend their
first year in bays or inshore areas in the northwest Atlantic. She also
reported that maturity was reached at age three which agreed with the
findings of Smith (1969).

Spawning periods for different areas range from late July through
January in Narragansett Bay to December through April in North Carolina

sounds (Henderson, 1979).
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As shown in Table 40, the absence of advanced reproductive stages
of summer flounder in Georgia estuaries prohibited determination of

fecundity for this species.
Food Preference and Feeding Habits

In Georgia, summer flounder occur in relatively low numbers as
compared to southern flounder. Although juveniles occur in trawl
catches throughout the estuaries, larger specimens tend to move off-
shore. Hence, the larger specimens were not collected in sufficient
quantities to make valid conclusions concerning feeding habits. Of
27 stomachs examined, 23 (85.2%) contained food and 4 (14.8%) were
empty. The contents of stomachs containing food are presented by fish
size in 100 mm groupings in Table 102. The most frequently occurring
food item was mysid shrimp (26.17% occurrence) followed by grass shrimp,
Palaemonetes sp., (17.3%), and unidentified decapod crustaceans (8.7%).
In specimens <100 mm mysid shrimp and grass shrimp were identified al-
though sample size was limited. In specimens 101-200 mm mysid shrimp
and grass shrimp were dominant, but annelid worms and fish were also
ingested. In specimens 201~300 mm fish, mysid shrimp and squid were
ingested.

The 10 most frequently occurring food items by season and sector
are presented in Table 103. The major food item during winter was mysid
shrimp with a 307 occurrence rate, Other items included unidentified
crustaceans and fish. In spring, mysid shrimp and grass shrimp were
ingested, but only a limited sample was collected. In summer, unidenti-
fied fish occurred in 33.37% of the stomachs, but staple food items were
crustaceans, primarily grass shrimp and the smaller penaeid shrimp
(Trachypeneus constrictus). In fall, mysid shrimp dominated other
items with 607% occurrence. In general, the major foods on a year round
basis were mysid shrimp and grass shrimp although fish, squid and an-
nelid worms were also consumed.

The major foods ingested in the creeks were fish, grass shrimp and

mysid shrimp. In the sounds the major food was crustaceans, but fish
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and squid were also ingested. On the beaches fish, crustaceans and
annelid worms were important. Unfortunately, no specimens were col-
lected from offshore waters.

The feeding habits of summer flounder have been reported by investi-
gators in other areas. Ginsburg (1952) reported tﬁat summer flounder
" are primarily a predaceous fish, feeding chiefly on such species of
,fish and small invertebrates that are readily accessible in the region
it inhabits. He reported that foods include mackerel, menhaden, tautog,
sand launce, silversides, butterfish and scup, and invertebrates such as
crabs, shrimp, squid, small mollusks and sand dollars. Smith (1969)
found weakfish (Cynoscion regalis) to be the primary food for summer
flounder in Delaware Bay. Smith and Daiber (1977) found that the per-
cent occurrence for food items of summer flounder in Delaware Bay were
"sand shrimp (Crangon septemsptnosa 41%), weakfish (Cynoscion regalis,
334), mysid (Neomysis americana, 20%), anchovy (dnchoa sp., 7%), squid
(Loligo sp., 4%), silversides (Menidia menidia, 1%), herring (Alosa sp.,
1%), hermit crab (Pagurus longicarpus, 1%), and isopod (Olencira prae-
gustator, 1%)'. Fish under 450 mm fed predominantly on invertebrates
while larger specimens ate more fish. They also suggested tﬁat the diet
of gsummer flounder reflects local abundance of prey species. Powell and
Schwartz (1979) reported no major seasonal differences in diet in young
summer flounder, with mysids and fish being the principal food items.
The rate of feeding in quenile flounder decreased during winter, but
increased as temperature increased. He reported that the diet of summer
flounder consisted of shrimp and fish in similar quantities with in-
crease in size while the diet of southern flounder consisted almost en-—
tirely of fish. Langton and Bowman (1981) reported the prey of eight
summer flounder in the northwest Atlantic was primarily fish (47.8%)
and squid (51.0%).

Feeding activity was high throughout the year as 85.2% of the
stomachs contained food. Over 88.9% of the stomachs contained food
during all seasons except spring at 607 (Table 104). However, too

few specimens were collected for further discussion. Most specimens’
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were collected in the sounds where 89.5% of the stomachs contained food.
Again, too few specimens were collected from the other sectors to allow
for analyses.

Water temperature apparently had little impact on feeding activity
as over 75% of the stomachs contained food for all temperature ranges
except 11-15°C when only two specimens were collected for a 50% food
occurrence (Table 50).

No conclusions can be drawn for feeding activity as related to lunar
activity as too few specimens were collected. The percentages of stomachs
containing food versus empty stomachs are presented by lunar phase in
Table 51.

BLACK DRUM

Black drum (Pogonias cromis) are found in the northern and eastern
parts of the Gulf of Mexico, along the Atlantic coast from south Florida
to the Gulf of Maine, around Cuba, most of the Antilles Islands, and along
the Atlantic coast of South America from Guyana .to Rio Grande, Brazil
(Fischer, 1978).

Young black drum, less than four years-of age, prefer areas near
oyster reefs, piers, docks, jetties, bridges, and generally rough bottom
areas where shellfish and crustaceans are plentiful. Larger specimens

inhabit inshore sandy areas such as sounds, channels and surf zones.
Movement and Migration

From February 12, 1979 through May 7, 1982, 352 black drum were
tagged and released. Length frequencies of tagged drum in 50 mm length
groups are presented in Table 105. Lengths (TL) of drum tagged with
Howitt tags ranged from 163 to 410 mm while those tagged with Floy tags
ranged 150 to 414 mm, Length frequencies of drum tagged with each tag
type are shown in Table 106, Of 352 tagged, 36 were tagged with both
tag types to compare and evaiuate tag retention. Table 107 lists the
length frequencies of black drum collected for tagging in 20 mm groups

by gear type.
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Tagged black drum were returned from June 23, 1979 through May 5,
1983. Of 352 drum tagged, 92 (26.17%) were recaptured and tags returned,
Recovery rates, when separated into 50 mm length groups, ranged as high
as 41.9%. Information on the number of fish released and recaptured;
time at large, and distance traveled are shown in Table 105. Time at
large ranged from 4 to 529 days with an average of 141 days. Distance
traveled ranged as far as 619 km with an average of 41.2 km,

The recovery rate for drum tagged with Howitt tags was 25.2%, and
with Floy tags it was 6.0% (Table 106). Recovery rates, when separated
into 50 mm length groups, ranged as high as 41.47 with Howitt tags and
9.77% with Floy.

0f 36 drum tagged with both tag types, 19 (53%) were recovered.

These individuals were at large from 12 to 310 days. Specimens possessing
both tag types upon recapture were at large from 21 to 237 days with an
average at large time of 164 days. Project personnel using hook and line
gear recaptured two drum that had been single tagged with Floy tags, and
only the monofilament line portion of the tag was left protruding from

the fish. Thus, movement énd growth information was lost on such recap-
tures. Increased recovery information would have been available if only
Howitt tags had been employed. Furthermore, fishing pressure was obviously
greater than was indicated by the observed recovery rate. Comparison of
the number of returns by season of release indicated that drum released
during the summer months probably had the highest survival rate (Table 10).

Recreational fishermen were the major source of black drum recoveries
with 67 (72.8%) of the 92 returns. Only 2 (2.2%) returns were from com-
mercial fishermen, while study activities accounted for the remaining
23 (25%) recoveries (Table 11). Of 67 recreational recaptures, 48 (72%)
provided sufficient information to determine lengths of creel size fish.
Lengths (TL) of recreational recaptures ranged from 225 to 461 mm with
an average size of 341 mm (Table 12). Length frequencies of recaptures
indicated most creel size drum ranged between 251 and 400 mm with the
greatest number of recoveries (73%) occurring between 301 and 400 mm

(Table 13).
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The recovery rate versus the number of specimens released was
greatest in the creeks at 63.0% (Table 14), The sounds produced 26.1%
of the drum recoveries, the beach accounted for 10.9% and no recaptures
were recorded from offshore waters. Return rates were highest during
summer and fall (Table 15). Recovery rates for the sound were similar
to creeks, but in summer the return rate in the sounds was significantly
higher. Winter produced only 8 (8.7%) returns.

Georgia residents fishing in state waters accounted for 55 (82%)
of the 67 recreational recoveries. Of these resident anglers, 49 (89%)
traveled 40 km or less to reach the location of recapture. Approxi-
mately 967 of these fishermen traveled less than 80 km (Table 16).

The principal bait used by recreational fishermén to catch black
drum was shrimp. Approximately 50.6% (40) of all drum recoveries were
caught by recreational fishermen using dead shrimp with an additional
36.6% (29) taken on live shrimp (Table 17), Fiddler crabs produced
seven (8.9%) returns with a minnow, mussel, and mole crab or "sand flea"
accounting for the remaining three (3.9%).

Approximately 647 of black drum recoveries were caught in the
immediate area of release. Of 92 recoveries, 77 (84%) were caught within
25 km of the tagging site, three (3.3%) moved 26 to 100 km, six (6.5%)
moved 101 to 200 km, five (5.5%) traveled 301 to 500 km, and one (1.1%)
traveled over 500 km (Table 108). Thirteen percent of all recaptures
traveled over 100 km before recapture. Of 14 drum that traveled over
50 km from the release site, 12 had moved soutward,kaveraging 200 km.
These southward moving recaptures were at large 20 to 442 days and re-
covered throughout the year with most recoveries occurring during summer
and fall. The greatest southward movement (619 km) was by a 310 mm
drum at large 185 days and recaptured in offshore waters near West Palm
Beach, Florida. Only two drum traveled northward over 50 km, averaging
276 km. These northward migrants were at large from 128 to 455 days and
recovered during November and January. Greatest northward movement
(437 km) was from a 337 mm specimen at large 455 days and recaptured

at the Murrells Inlet jetties, North Carolina. Recaptures indicated
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that greatest movement was during winter with an average of 159.1 km.
Spring and summer recoveries showed the least amount of movement
(Table 21).

As shown in Table 109, movement in the estuary was limited with
64.1% of the black drum remaining in the general area of tagging.
Movement within the estuary was generally toward outside waters as
indicated by the number of returns that moved from a creek to beach
direction. From the number of recaptures and distances traveled by
fish emigrating from the estuary, drum apparently do not exhibit the
same tendency to return to a specific estuary as was observed for
spotted seatrout. For the most part, movement of drum out of the
estuary was southward.

As stated earlier, one of the primary objectives for using Floy
tags was for obtaining multiple recaptures to increase movement infor-
mation. Unfortunately, only three black drum were recaptured a second
time. Therefore, multiple recapture information was insufficient to
ascertain movement trends. However, during April one black drum
multiple recapture showed movement from the creek sector to the sound
sector and back to the original release location within a 14 day period.
Movement of the other two black drum indicated basically random move-

ment within the estuary.
Length-Weight Relationship

The length-weight relationship for 79 black drum, ranging from 158
to 1,190 mm and 61 to 29,510 g, was log W = 3.075 logL -4.969., The
correlation coefficient value for length-weight was 0.9902 (P < 0.0001).
Least-squares regression analyses on the length-weight relationships
for male, female, and all black drum combined are shown in Table 24,
Figure 30 illustrates length-weight relationship for black drum.

Length-weight relationships calculated for black drum showed iso-
metric growth (b = 3,075). Greatest lengths recorded were 492 mm for
males and 1,190 mm for females. The heaviest male weighed 1,885 ¢, and

the heaviest female was 29,510 g. However, sex was not determined for
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Length-weight relationship of black drum,
Pogonias cromis, collected in Glynn County,
Georgia from January 1979 through June 1982,
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one specimen measuring 1,207 mm and 36,774 g. This fish was entered in
the state's saltwater fishing records program. The weights of Georgia
drum are compared with fish from other areas in Table 110. 1In general,
Georgia drum were heavier at length than reported for fish from Dela-
ware (Thomas, 1971), Texas (Marcello and Strawn, 1972), Virginia
(Richards, 1973), and Louisiana (Hein, Dugas, and Shepard, 1980).

Age and Growth

Age and growth studies based on length frequencies of black drum
have been conducted by Pearson (1929), Simmons and Breuer (1962), and
Richards (1973). Pearson (1929) and Richards (1973) also investigated
the use of scales for ageing black drum. In general, length frequencies
were useful only for thé first several years of life, and alternative
ageing methods must often be employed for older fish.

‘Difficulty in ageing black drum occurred when attempting to age
individuals older than four or five years of agé. The difficulties were
compounded by increased- calcification or thickening of the scales, nar-
rowing of increments, and formation of more than one annulus-like mark
per year in older fish. According to Richards (1973), the formation of
two rings per year probably does not begin precisely in the fourth year,
but may occur earlier with some individuals.

Scales and otolith sections from 86 black drum ranging from 158 to
1,207 mm were examined, and scales from 76 (88%) were considered legible
for age determinations. Of these 76 specimens, 72 (95%) were less than
493 mm in length. Scales and otoliths proved useful for individuals
less than 500 mm, but disconformities made scales impossible to read
and thus unreliable as an ageing structure for larger specimens.

Calculation of mean monthly growth from marginal increments in-
dicated that scale annuli of young black drum form during February,
March, and April. However, insufficient collections of older drum
prevented the validation of time of ring formation or number of rings
formed per year. In an effort to validate the number of annuli being
laid down each year, scale samples from five recaptured black drum

were compared with samples taken at the time of release. Unfortunately,
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maximum time at large for these fish was 126 days and none of these
possessed édditional annuli.

Linear regression analyses of the relationship between fish length
and scale radius were performed. The r2 value of 0.93 (P < 0.0001) sug-
gests the relationship was sufficiently linear to warrant the application
of direct proportion calculations to determine length at time of annulus
formation. The empirical and mean back-calculated lengths at age for
black drum are shown in Table 111. Table 112 shows fhe empirical and
weighted mean back-calculated lengths for juvenile, male, female, and
combined black drum, Figure 31 illustrates the length-age relationship
for sexes combined, and Table 29 presents the length-age equations for
young black drum.

Based on length frequency data, Pearson (1929) reported a modal-
length of approximately 250 mm by the end of the first year and 370 mm
by the end of the second year for Texas black drum. Simmons and Breuer
(1962) reported that‘a standard length of 140-180 mm (167-214 mm TL)l/
was reached in one year and 290-330 mm (345-393 mm TL) for two year old
Texas drum. Richards (1973) back-calculated the lengths of 272 Virginia
drum and determined mean lengths to be 195, 396, 554, and 669 mm for the
fifst four scalefrings, respectively. Georgia drum of similar age ex-
hibited mean lengths of 198, 336, 440, and 538 mm, respectively. Un-
fortunately, at-large time for black drum recaptures was not sufficient
to document and validate growth rate. Only one tagged drum was at large
for approximately one year (352 days). This fish measured 195 mm when
tagged and grew to 380 mm, a growth increase of 185 mm. In general,
the lengths of black drum reported from Texas and Virginia were similar
to those for Georgia. However, black drum from Virginia waters appear
to attain greater lengths for each successive scale ring.

Determination of age using the scale technique became increasingly
more difficult and unreliable for drum larger than 500 mm, Table 113
lists the lengths and otolith ring counts of all black drum over 400 mm.

1/

~'Converted from standard length to total length using the conversion
equation TL = 1.1956.
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Figure 31. Length-age relationship of black drum, Pogonias
cromis, collected in Glynn County, Georgia.
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As stated earlier, Richards (1973) reported that two rings are probably
formed each year after the fourth year. Based on his findings, a drum
exhibiting 46 otolith rings would be approximately 25 years old. How-
ever, Rohr (1980) reported the additional rings on red drum otoliths

may consist of summer and winter annuli and spawning checks. Such find-
ings could possibly be applicable to black drum, If three rings are

formed each year after maturity, the 1,132 mm drum would be approxi-

mately 18 years old. However, it should be noted that several investi-
gations using various methods, including the uranium decay series nuclides
226Ra and ?'%Pb to establish the periodic nature of growth-zones in oto-
liths, have estimated the maximum age of some species of the genus Sebastes
to be 80 to 140 years (Bennett, Boehlert and Turekian, 1982; Chitton and
Beamish, 1982). Although the number of otolith rings that black drum form
annually are questionable, it is not totally unreasonable for drum to reach
46 years of age. In general, the first 4 to 5 scale and otolith ring
classes were considered reliable for estimation of age (Table 112). How-
ever, greater ring classes were not reliable and until the number of rings
formed annually by older drum Can.be documented, only estimations of age
can be made (Figure 32). Further investigation should be conducted in

this area.
Maturity and Spawning

During this study the smallest specimens collected for which sex
was determined through gross examination was a 200 mm (age 0) female
and a 187 mm (age 0) male. The smallest female exhibiting developing
ovaries was a 582 mm (age IV) specimen. No males exhibiting advanced
development were collected, but one stage I1 specimen 947 mm in length
was observed. It is expected that much smaller reproductive males
probably occur, but we failed to collect them. Once drum are sexually
mature they are reported to spawn annually until death (Pearson, 1929),
In south Carolina they have been reported to reach sexual maturity at
the end of their second year at a length of 14-16 inches with spawning

from February through May in offshore waters and at inlets to sounds
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and rivers (Lunz, 1955). Frisbie (1961) reported spawning in offshore
waters of mid-Atlantic from March to May in the Chesapeake Bay and
Delaware Bay at the northern limits of the effective spawning range.
Simmons and Breuer (1962) reporfed spawning in all the bays and over any
type bottom as well as in the Gulf near passes. They reported that
spawning takes place in February and March, but there is a prolonged

or split season in May or Jume. Richards (1973) reported that the
adults concentrate in Virginia waters during spring and early summer

for spawning. Ripe adults were encountered from April through mid-June
and then the adults apparently dispersed throughout Chesapeake Bay after
spawning. Silverman (1979) reported that black drum became sexually
mature by the end of the second year when approximately 285-330 mm, and
that spawning takes place primarily in ocean waters and in bays with
peak spawning during May. Ross, Ravela and Chittenden (1983) suggested
offshore spawning in the Gulf due to the occurrence of well developed
gonads in March and April.

Most of the black drum collected during this study were under age
I1 -- the age at which maturity is reached (Lunz., 1955; Silverman, 1979).
The maturity stages of the 43 drum for which sex was determined are pre-
sented by month, sex, and reproductive stage in Table 114. Spawning
apparently took place primarily during March and April as advanced
maturity was encountered only during these months. However, spawning
activity probably took place from March through May even though large
specimens in spawning condition were not collected.

Females exhibiting advanced ovarian development were collected in
April and May in salinities ranging from 21 to 25 O/oo, and spent fe-
males were taken in May from salinities >26 O/oo (Table 115). Advanced
“"prespawn" and ripe females were collected at temperatures ranging from
16 to 25°C, but at temperatures above 260C, only spent females were
fouﬁd (Table 116).

Although only four advanced maturity stages were collected, spawn-
ing activities appeared to be centered around full moon as the two pre-

spawners (stage V and VI) were collected during the three day period
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prior to full moon, whereas the two spent females were collected three
days prior to new moon (Taéle/40).

The overall ratio of females to males was 1:1.5 (Table 41). Males
outnumbered females in the smaller specimené. However, for specimens
251-500 mm the sex ratio was equal, and in specimens over 500 mm no males
were collected. The number and percent of females versus males by salinity
gradient are presented in Table 39. No distinct segregation of sexes by
salinity was discernable except at a low salinity of 6 to 10 ©/00 when nine
of the 10 specimens collected were males. This may not be significant,
since most of the specimens collected during the study were small indi-
viduals.

There appears to be a general lack of detailed information on black
drum fecundity. Pearson (1929) estimated fecuﬁdity to be approximately
5,976,000 eggs for a 110 cm Texas black drum.

Fecundity was estimated to be approximately 11,398,000 eggs for a
918 mm Georgia black drum. The total weight of this specimen was 20,771 g
with the gonads making up approximately 43% (8,863 g) of the fish weight
(Figure 33). This specimen exhibited 14 otolith rings.

‘Food Preference and Feeding Habits

The black drum is a highly specialized bottom feeder as indicated
by the general lack of fish and by the high occurrence of benthic organ-
isms such as crabs, mollusks and worms in its regular diet. Table 117
presents the food items found in the stomachs of black drum by fish size
in 100 mm length groups. Of 77 stomachs examined, 62 (80.5%) contained
food and 15 (19.5%) were empty.

In small drum (<200 mm) the main diet was made up of decapod crusta-
ceans, primarily mud crabs,and annelid worms. Mollusks were absent in
the stomachs of these small specimens. In specimens 201-400 mm a variety
of organisms were ingested, with decapod crustaceans and annelid worms
again the top items. However, in this size group mollusks and unidenti-
fied fish parts were also observed. Penaeid shrimp were also of some
importance.

In specimens 400-700 mm, major foods were decapod crustaceans and
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mollusks, and only one specimen had ingested commercial species of
penaeid shrimp. In the largest specimens (>700 mm), there was a defi-
nite preference for crabs (lady crabs, Ovalipes ocellatus; mud crabs,
Panopeus herbstii; and wharf crabs, Sesarma reticulatum) and mollusks.
0f the stomachs containing food, 30.6% contained unidentified decapod
crustaceans in addition to numerous identified species of shrimp and
crabs. Annelid worms and mollusks ranged next as food items.

Pearson (1929) reported that smaller-sized Texas drum (under 20 cm,
or 7.8 in), with less powerful crushing teeth tend to prey on the softer
food organisms such as annelid worms and smaller crustaceans. Fish and
annelids represented 36 and 32 percent of the food in smaller black drum,
respectively. He reported that medium-sized fish consumed largervamounts
of mollusks (33%) and crabs and shrimp (28%), and older drum confined
their food largely to mollusks (74%) and crabs (167%). Simmons and Breuer
(1962) found that the food of very young Texas drum consisted primarily
of annelids, small fishes and small crustaceans, while larger drum fed
on mollusks and shrimp. Silverman (1979) reported food habits changing
with age, with young drum feeding indiscriminately on the most abundant
food available. Medium size fish consumed large amounts of mollusks, crabs
and shrimp, and older fish confined food largely to mollusks and crabs.

Coastal anglers in Georgia have long recognized that commercial
blue crabs and clams are excellent baits for large black drum., It is
not uncommon to catch large females over 22.7 kg (50 1b) during the
spring spawning season in April. Small specimens are generally taken on
fiddler crabs and dead shrimp.

The 10 most frequently occurring food items ingested by black drum
are presented by season and sector in Table 118. Major food items in-
gested during the winter months were annelids, primarily polychaetes,
and crustaceans. In spring, major food were decapod crustaceans and
bivalve mollusks. During summer, decapod crustaceans were the main diet,
with Uca pugnax and U. pugilator being the most commonly ingested species.
In fall, they fed mainly on decapod crustaceans although annelids were

also eaten.
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The greatest portion of the drum diet in the creeks was crusta-
ceans, although annelid worms were frequently found (Table 118). In
the sounds crustaceans, primarily crabs, were the staple food supply,
although some annelids and clams (Mercenaria mercenaria) were also eaten.
On the beaches the diet appeared to differ somewhat as annelid worms were
the staple while decapods ranked low. In offshore waters they ingested
primarily white shrimp (Pengeus setiferus) and lady crabs (Ovalipes ocel-
Zdtus) although mollusks were also eaten.

A seasonal trend in feeding habits can be seen in Table 119. Feed-
ing activity was greatest during the warmer months as over 90% of the
stomachs contained food from spring through fall. A reduction in food
consumption was evident for specimens collected during the winter as
only 48% of the stomachs contained food.

Feeding activity was apparently similar in the creeks and sounds,
with 77.1 and 80.0% of the stomachs containing food, respectively (Table
119). Although low numbers were collected from the beaches and offshore
waters, all stomachs examined from these sectors contained food.

Water temperature.appears to have had some effect on the feeding
activity of black drum (Table 50). Feeding activity apparently increased
with increase in water temperature. At water temperature below 15°%
only 43.5% of the stomachs examined contained food. At temperatures 16
to 25°C all stomachs examined contained food, while at temperatures 26
to 30°C the value dropped slightly to 93.7%.

The effects of lunar phases on feeding activity appear to be most
pronounced during periods of dark nights as over 93.3% of the stomachs
examined contained food during the three day period before new moon
and during the first quarter moon phases (Table 51). However, due to
the low number of specimens collected further deductions should not be

attempted.

SHEEPSHEAD

Sheepshead (Archosargus probatocephalus) are geographically distri-
buted along the Atlantic coast from Nova Scotia to south Florida and in

the Gulf of Mexico (Fischer, 1978).
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This species uses its large, strong teeth to pick, gnaw, and scrape
oysters, barnacles, crabs and clams off submerged pilings and rocks.
Hence, concentrations of sheepshead are found near oyster reefs, piers,
docks, jetties, bridges and over other areas where shellfish are plenti-~
ful. 1In general, larger sheepshead move to offshore live bottom and reef
areas during the colder months and remain in offshore waters through the

spring spawning season with many returning to the lower estuarine areas

in late spring and summer. Juveniles are abundant throughout the estuarine

areas during the warmer months but generally move to either the higher
salinity areas or to deep water where they are less available for col-

lection during the colder months.
Movement and Migration

From May 23, 1979 through June 22, 1982, 416 sheepshead were tagged
and released. Length frequencies of tagged sheepshead in 50 mm length
groups are presented in Table 120. Lengths (TL) of sheepshead tagged
with Howitt tags ranged from 130 to 540 mm, and those tagged with Floy
tags ranged 140 to 530 mm. Length frequencies of sheepshead tagged with
each tag type are presented in Table 121. Of 416 sheepshead tagged,
only one fish was tagged with both tag types. Table 122 lists the length
frequencies of tagged sheepshead in 20 mm groups by gear type used for
recapture.

Tagged sheepshead were returned from September 11, 1979 through
September 12, 1982. Of 416 fish tagged, 30 (7.2%) were recaptured and
tags returned. Recovery rates, for fish eeparated into 50 mm length
groups, ranged as high as 22.2%. The number of sheepshead released and
recaptured, time at large, and distance traveled are shown in Table 120.
Time at large ranged from 5 to 739 days, averaging 240 days. Distance
traveled ranged as far as 98 km, averaging 8.1 'km.

Recovery rates were 8.27% with Howitt tags and only 1.67% with Floy
tags (Table 121). Recovery rates for sheepshead separated into 50 mm
length groups ranged as high as 25,0% with Howitt tags and 5.3% with
Floy tags. The one sheepshead tagged with both tag types was not re-

turned.
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Recreational fichermen were the major source of sheepshead re-
coveries, accounting for 23 (76.7%Z) of 30 returns. Study activities
accounted for 7 (23.3%) pecoveries, while commercial fishermen failed
to return any recaptures (Table 11). Of 23 recreational recaptures,

15 (65%) included sufficient information to determine lengths of creel
size fish. Lengths (TL) of recreational recaptures for sheepshead
ranged from 192 to 393 mm with an average size of 300 mm (Table 12).
Léngth frequencies of recaptures indicated that most creel size fish
were over 250 mm (Table 13).

0f 30 recoveries 29 specimens produced sufficient information to
determine the sector and season of recapture. The creeks produced the
highest return rate of 62.1% (Table 14). However, the recovery rate in
the sounds was proportionally higher than the number released in this
sector, indicating higher fishing pressure. Spring produced most of
the recoveries (37.9%) while none were recaptured during winter (Table 15).

Georgia residents fishing in state waters accounted for 21 (70%)
of the 30 recreational recaptures. Of these resident anglers, 18 (86%)
traveled 40 km or less to reach the location of recapture, while approxi-
mately 95% traveled less than 120 km (Table 16).

Fiddler crabs were the principal bait used by recreational fisher-
men to catch sheepshead (Table 17). Approximately 74% of all recreational
recoveries were on fiddlers, and the remaining recoveries were caught with
live and dead shrimp (17 and 8 percent, respectively).

Approximately 37% of the sheepshead recoveries were caught in the
immediate area of release; with 28 (93%) captured within 25 km of the
release site (Table 123), Only two recoveries traveled more than 25 km,
These fish were at large 557 and 684 days and traveled southward 98 and
30 km, respectively. Spring was the season of greatest movement with fish
moving an average distance of 17.9 km prior to recapture (Table 21).
Winter recaptures exhibited the least movement with average and maximum
distances of only 1.5 and 4.4 km, respectively.

Although recovery data indicate most sheepshead do not migrate

great distances, the species appears to exhibit random movement within
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the estuarine system. Recovery data were insufficient to determine
seasonal movement trends within the estuary (Table 124). When sheeps-—
head did emigrate out of the estuary, they generally moved near off-

shore reefs, with some tendency to move southward.
Length-Weight Relationship

The length-weight relationship for 118 sheepshead, ranging from
101 to 591 mm (TL) and 21 to 4,297 g, was log W = 2.885 logl -4.412.
The correlation coefficient value for length-weight was 0.9707
(P < 0.0001). Least-squares regression analyses on the length-weight
relationships for male and female, and all sheepshead combined are pre-
sented in Table 24. Figure 34 illustrates length-~weight relafionship
for sheepshead. The greatest lengths recorded were 563 mm for males

and 591 mm for females. The heaviest male and female were 2,962 and

4,297 g, respectively.
Age and Growth

Although sciaenids have received extensive research on the Atlantic
and Gulf coasts, comparatively limited work has been published for
sheepshead. Published information pertaining to age and growth was
limited.

Scales from 118 sheepshead ranging from 101 to 591 mm were examined
and scales from 105 (88%) were determined to be usable for age analyses.
Otoliths from 105 specimens were also examined to document the validity
of annuli counts ascertained from scales. Annuli formation on the
anterior portion of sheepshead scales appear as abrupt, irregular changes
or breaks in the circuli patterns. Also, new circuli cutting over the
incomplete circuli in the lateral areas of the scales were identified
as annuli.

Calculation of mean monthly growth of marginal increments of sheeps-
head less than five years old validated that scale annuli were formed
only once annually. A single annulus formation was detectable on young
sheepshead scales during February and March, with all scales bearing

recent annuli by early April. Calculations indicated similar findings
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Figure 34. Length-weight relatioﬁship of sheepshead,

Archosargus probatocephalus, collected in
Glynn County, Georgia from January 1979
through June 1982,
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for older specimens, but approximately 90% of all fish over four years
old were collected during April, May, and June. Therefore, documentation
of time of annulus formation and number of annuli formed each year by
older fish was limited.

Least-squares regression analyses on the relationship between fish
length and scale radius were performed. The correlation coefficient
value of 0.89 (P < 0.0001) suggests the relationship was sufficiently
linear to warrant direct proportion calculations to determine fish
length at time of annulus formation. The empirical and mean back-calcu-
lated total lengths at age for sheepshead are presented in Table 125.
Figure 35 illustrates length-age relationships, and Table 126 shows the
empirical and weighted mean back-calculated lengths for juvenile, male,
female, and all sheepshead combined. Length-age equations for sheeps-
head are shown in Table 27.

To document estimates of growth obtained from back-calculations,
growth rates of five tagpged specimens at large from 11 to 13 months
were determined. Lengths when tagged ranged 175 - 239 mm and averaged
215 mm, and the mean growth increase was 80.6 mm. The empirical annual
growth was slightly less than estimates from back-calculations. How-
ever, agreement between empirical and estimated growth rates from back-

calculations were sufficient to document growth rates of sheephead.
Maturity and Spawning

During the study, the smallest sheepshead examined for which sex
could be determined through gross examination was 200 mm for females
and 187 mm for males. Both of these fish were age 0 or in their first
year of life. The smallest female to show developing ovaries (stage III
or greater) was a 282 mm specimen (age ITI) while the smallest male
was 393 mm (age IV). Growth and development of larval and young have
been described by Hildebrand and Cable (1938) and by Mook (1977). How-
ever, a review of the available literature showed a general lack of
information as to size and age at maturity and spawning for this species.
Although sheepshead are found throughout the marine environment in

Georgia, spawning activity appears to be centered in offshore waters.
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Figure 35. Length-age relationship of sheepshead, Archosargus

probatocephalus, collected in Glynn County, Georgia.
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Ovarian development was first observed in March when one stage III fe-
male was found. However, spawning was apparently fully underway in
April when advanced maturities (stages IV through VI) were collected

in numbers (Table 127). All of these spawners were collected in April
at artificial reef "WR2" approximately 13 nautical miles offshore from
Cumberland Island, Georgia. These 22 adults were collected by speargun
in water approximately 16 meters (50 ft) deep over artificial reef
habitat consisting of sunken automobile tires and an old steel ship
from World War 1L and over otherwise barren sand bottoms.

Adult sheepshead are commonly taken by recreational anglers on
nine of Georgia's artificial reefs as well as on the natural live bottom
area known as Gray's Reef National Marine Sanctuary approximately 16
nautical miles offshore from Sapelo Island. Consequently, spawning pro-
bably takes place at each site during early spring. Spawning at in-
shore areas was not encountered during our sampling, but one recreational
sheepshead angler reported taking sheepshead with advanced ovarian de-
velopment in Dupelin River behind Sapelo Island in April 1983 (Mr. Ernest
Robarts, personnel communication).

Since all advanced stages of maturity were collected from offshore
waters in April, it is assumed that this is when and where peak sheeps-
head spawning activity is centered. These 22 spawners were collected
at salinities of 36 /oo and at temperatures of 21-25°C (Tables 128
and 129). Our findings agree with results of investigations in other
areas that spawning generally takes place in spring from April through
June in ocean waters. Rathbun (1892) reported sheepshead spawning along
sandy shores in late evening in southwest Florida. Hildebrand and
Cable (1938) concluded from the collections of young and one developing
roe sheepshead that spawning in the Beaufort, N.C. area was from April
through June. McClane (1965) reported that although data were scarce,
spawning apparently takes place in the spring. Mook (1977) reported.
that sheepshead spawn in the spring (April and May) in temperate North
Carolina and as early as the first part of March in subtropical southern

Florida.
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Table 128, Stuges of gonadal development for shespshaad, Aroivsargus prodatooccpialus, by month, sex and salinity
gradient for fish collected in Glymn County, Georgis from January 1979 through June 1982,

Surface Meter Salinity (0/00
Reproductive St! - - 640
_Moplh_ Stage FJI!HTHZ;;;E";ig'ﬂ#I
2 0

January 1 - - - - - - - - - - - - -
11-VI1 - e e - - . - - - - - - - - - -
February 1 - - - - - - - - - - - - - - - -

o
-
~—
-
<
'
.
)
+

11 S T |
11-v1i - - e - - - -

[
i
1
t
'
'
[
1
1

March 1 - - - - - - - - 1 0 - - 1 1 - -
I1 - - - - - - - - - - - - - - - -
11 - - - - - - - - - - - - 1 0 -
V-V - - - - - - - - - - - - - - - -

April 1 - - - - - - - - - -
1 - - - - - - - - - - - [
1t - - - - - - - - - - - - - 0o 2
v - - -~ - - - - - - - - - - - 0 4
v - - - . - - - - - - - - - 10 4
vt - - - - - - - - - - - - - 2 ]
Vit - - - - - - - - - - - - - - - =

May 1 R 4 - 1
1 - - - - 1 o - - 1 o - - - - 1

oN

1-vIT - - - . - - - - - - - - - - - -
June 1 - e .- - - - .- 6 1 0 1 10 - -
11 - - - - - - - - 1 o o 1 - - -

111-vIt - - - - - - - - - - - - - - - -

July 1 - - e . - - - - - - 1 o 2 1 - -

11-vit - - - - - - - - - - - - - - - -
August i - - - - - - - 0 1 1 0 -
11-vit - - - - - - - - - - - - - - - -

September 1 - - - - - - 1 1] - - 4 2
11 - - - - - - - - . - 1 0 - - - -

111-vil - - - - - - - - - - - - - - - -

October 1 - - - - - - - - 2 0 1 0 0 1 - -

-vIt - - - - - - - - - - - - - - - -
Novenmber 1 - - - - - - - - 6 6 1 1 - - - -
I1=-virI - - - - - - - - - - - - - - - -
December 1 - - - - - - - - - - - - - - - -
1 - - - - - - - - - - - - 0 1 - -
111-vi1 - - - - - - - - - - - - - - -

Combined t - - - - 4 6 1 . 1y 7 8 [ 5 3 1 2
Total 1 - - - - 1 o 1 u 5 1 2 t [} 1 1 [*]
11 - - - - - - - - - - - - i 0 0 2
v - - - - - - - - - - - - - - 0 &
:l - - - - - - ~ - - - - - - - 10 A
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Since all advanced maturities were collected at once, no hard facts
can be correlated between spawning activity and lunar phases. However,
these advanced maturities were collected three days prior to new moon
(Table 40). No:other advanced stages were collected because of sample
design.

Female sheepshead outnumbered males 1.7:1 (Table 41), and dominated
catches at all salinity levels except 11-15 o/oo where males comprised
54.57% of 11 specimens sampled (Table 128).

A literature review of investigations dealing with sheepshead re-
vealed a general lack of information on fecundity for this species in
the Gulf of Mexico and Atlantic coast waters.

Since offshore waters were beyond the general study area, collections
of advanced reproductive maturity stages of sheepshead were limited. Fe-
cundity estimates were determined for 12 sheepshead ranging in length and
weight from 428 to 591 mm and 1,647 to 4,297 g, respectively. These 12
specimens exhibited otolith ring counts from 4 to 14, Mean estimated
fecundity was 604,559 eggs with a range from 296,000 to 963,000. Fecun-

dity data for Georgia sheepshead are presented in Table 130.
Food Preference and Feeding Habits

Sheepshead are adapted to a grazing type of feeding behavior as
they have large crushing type teeth that allow them to eat a variety of
hard bodied crustaceans and mollusks that exist on and attach to pilings,
rocks, and natural reefs. In Georgia they are most often taken by
recreational anglers using fiddler crabs and fishing around pilings
under bridges and docks in inland waters and on man—-made reefs in off-
shore waters.

Table 131 presents the food items ingested by sheepshead by fish
size in 100 mm length groups. Of 117 sheepshead stomachs examined,

102 (87.2%) contained food and 15 (12.8%) were empty. There appears
to be little difference in food types preferred by different size
groups except for a greater inclusion of mollusks, echinoderms and

urochordates with increase in size. In smaller specimens (<200 mm)
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the major food sources were crustaceans and mollusks, but plant detritus,
sea lettuce (Ulva lactuca), and inorganic materials were also found.
However, too few specimens were collected for this smaller size group
to determine specific food preferences. One of the major items found
in this size group was barnacles (Chthamalus fragilis). In specimens
201-300 mm, the major foods were decapod crustaceans, primarily mud
fiddler crabs (Uca pugnax) and wharf crabs (Sesarma reticulatum). Sea
grapes (Molgula sp.) and the common oyster (Crassostrea virginica) were
also frequently occurring items. Bryozoans were found in many stomachs,
but were probably ingested incidentally while grazing for other species.
In specimens over 301 mm crustaceans and mollusks were the main food
items. The common oyster was the top food item followed closely by the
ribbed mussel (Modiolus deﬁissus), barnacles, énd ascidians.

The 10 most frequently occurring food items in sheepshead stomachs
are presented by season and sector in Table 132. In general, the most
frequently occurring items throughout the year were bryozoans, oysters,
barnacles, and decapod crustaceans. During winter, barnacles, sea
lettuce, bivalve mollusks, and crustaceans were the most frequently
occurring items (Table 132). Tn spring, foods were primarily barnacles,
bryozoans and sea grapes. In summer, bryozoans, oysters, barnacles,
and fiddler crabs were the top items. 1In fall, the major foods were
oysters and mussels followed by mud and fiddler crabs and sea grapes.

Major food items in the creeks were bryozoans, sea grapes, fiddler
crabs and oysters. In the sounds mollusks were of major importance as
oysters, mussels and unidentified bivalves were common foods. However,
crustaceans were also important with several species of mud crabs and
the common blue crab (Callinectes sapidus) being observed. No sheeps-
head were collected from the beaches for food habitat studies. In off-
shore waters major foods were barnacles, bivalve mollusks, ascidians
and the common lady crab (Ovalipes ocellatus).

There was an increase in feeding activity from spring and summer
to fall as the percentage of stomachs containing food rose steadily

from 86.3 to 96.4% (Table 133)., During winter, feeding activity dropped
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sharply as bnly 66.7% of the stomachs contained food. This was probably
due to a decrease in food supply as well as decreased metabolic rate.

Feeding activity appeared to vary little between sectors as over
827 of the stomachs contained food in each sector (Table 133). Although
only a slight difference was observed, feeding activity was greatest in
the creeks as 88.97 of the stomachs contained food.

Temperature apparently had little effect on feeding behavior at
temperatures above 16°C as over 85% of the stomachs examined contained
food. However, at temperatures below lSOC, the percentage dropped to
50%.

Little correlation between moon phase and feeding habits could be
determined as so few specimens were collected. The percentages of
stomachs containing food versus empty stomachs are presented by lunar
phase in Table 51.

ATLANTIC CROAKER

The geographic distribution of the Atlantic croaker (Micropogonias
undulatus) includes the northern and western parts of the Gulf of Mexico,
along the Atlantic coast from south Florida to Massachusetts, the Greater
Antilles, and alonéithe South American Atlantic coast from Surinam to
Argentina (Fischer, 1978).

Croaker generally prefer sandy hard rocky bottoms or shallow firm
bottom areas adjacent to oyster reefs. However, larger croaker are
more common in the deeper waters of channels in rivers and sounds during
the summer and early fall months and move to offshore waters during
colder months. Juveniles are common throughout the estuaries during the
warmer months. However, larger juveniles (>50 mm) become scarce in in-
side waters during the colder months while smaller juveniles (<50 mm)

become abundant in the upper portions of the estuaries during late fall.
Movement and Migration

From April 3, 1979 through June 28, 1982, 3,456 Atlantic croaker

were tagged and released. Length frequencies of tagged croaker in 50 mm
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length groups are presented in Table 134. Lengths (TL) ranged from 130
to 358 mm for fish tagged with Howitt tags and 90 to 324 mm for those
tagged with Floy tags. Length frequencies of croaker tagged with each
tag type are presented in Table 135, and Table 136 lists the length fre-
quencies in 20 mm groups by gear type used for capture.

Tagged croaker were returned from September 25, 1979 through
September 26, 1982, of 3,456 croaker tagged, 87 (2.57) were recap-
tured and tags returned. Recovery rates, when separated into 50 mm
length groups, ranged as high as 50%. However, this peak return rate
represents only one recapture. The next highest return rate was 13.5%
for croaker measuring 251-300 mm. The number of fish released and re-
captured, time at large, and distance traveled are presented in Table
134, Time at large ranged from 2 to 416 days with an average of 63
days. Distance traveled ranged as far as 179 km, averaging 10.9 km.

' The recovery rate for croaker tagged with Howitt tags was 4.27%

as opposed to only 0.5% with Floy tags (Table 135). However, such
return rate comparisbns are misleading unless the sizes of tagged fish
are considered. Approximately 777% of all croaker tagged with Floy tags
were smaller than the minimum size recorded from r%sreational recaptures.
In contrast, only 36% of those tagged with Howitt tags were smaller than
the minimum length of recreational recoveries.

Recreational fishermen were the major source of recoveries, ac-
counting for 50 (57.5%) of the 87 returns. Thirteen (14.9%) returns
were by commercial fishermen, and study activities accounted for the
remaining 24 (27.6%) recoveries (Table 11). Of 50 recreational recap-
tures, 27 (54%) included sufficient information to determine lengths of
creel size fish. Recreational recapture lengths ranged from 167 to 330 mm
with an average size of 253 mm (Table 12). Recapture lengths indicated
that most creel size fish ranged from 200 to 300 mm with the greatest
occurrence at 250-300 mm (Table 13).

The creeks produced 47.7% of all recaptures, with 58.5% of the re-
coveries from the creeks being taken during spring (Tables 14 and 15).

The sounds produced 36.1% of all recoveries with most of the returns for
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this sector during the summer (58.1%). The beaches and offshore waters
each contributed 8.1% of the recoveries with most returns taken during
fall (57.2%). 1In general, summer produced the highest number of returns
and winter produced the lowest.

Georgia residents fishing in state waters accounted for 42‘(842)
of the 50 recreational recaptures, Of these resident fishermen, 32
(76%) traveled 40 km or less to reach the location of fish recapture
while approximately 907 traveled less than 120 km (Table 16).

Shrimp was the only reported bait used by recreational fishermen to
recapture croaker. Approximately 847 of all croaker recaptures were
caught by recreational fishermen using dead shrimp. Live shrimp accounted
for the remainder (Table 17).

Approximately 50.6% of the recoveries were caught in the immediate
area of release. Of 86 recoveries with sufficient information to ascer-
tain movement, 79 (92%) were recaptured within 25 km of the release site.
Four recoveries (4.7%) had moved 26 to 50 km, and three (3.5%) moved
over 100 km (Table 137). Of three croakers traveling over 100 km, two
moved southward (138 km) and were recaptured during May and August in
the St. Johns River neér iacksonville, Florida, The third specimen moved
northward (179 km) and was recaptured in May near Cane Island, South
Carolina. |

Spring was the season of greatest movement with an average distance
of 15.8 km (Table 21). Movements during summer and fall were similar,
averaging 9.1 and 8.2 km, respectively. Winter produced least move-
ment, but this conclusion is based on a single return at large 105 days
and caught in the area of release.

Approximately half (48%) of all recaptures were caught in the
general area of release (Table 138). As indicated by the greater number
of recaptures that moved in a creek to beach direction after tagging,
there was greater movement out of the estuary. After emigrating from
the estuaries, most croaker (82%) moved southward. Recovery data indi-
cated that very few creel size croaker remain in the estuaries during

winter.
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Length-Weight Relationship

The length-weight relationship for 260 Atlantic croaker ranging
from 84 to 389 mm and 7 to 765 g was log W= 3.195 logL -5.367. The
correlation coefficient value for length-weight for croaker was 0.9632
(P < 0.0001). Least-squares regression analyses on the length-weight
relationships for male, female, and all Atlantic croaker coﬁbined are
shown in Table 24. Figure 36 illustrates the length-weight relation-
ship for Atlantic croaker. The greatest lengths recorded for male and
female Georgia croaker were 291 and 389 mm, respectively. The heaviest
specimens were 270 g for males and 765 g for females. Comparison of
length-weight relationships for several populations of Atlantic croaker

are shown in Table 139,
Age and Growth

Age and growth studies based on the scale technique have been
validated as an ageing method for Atlantic croaker (Arnoldi, Herke,
and Clairain, 1973; White and Chittenden, 1977; Barger and Johnson,
1980). Croaker generally appear to form two annulus-like marks per
year. White and Chittenden (1977) described the characteristics of
the two annulus-like scale markings used to determine the age of croaker.
The first mark is a light mark formed in warm periods and characterized
by only a few new circuli cutting over older incomplete circuli in the
lateral field. However, the first mark has little or no differential
spacing of circuli before or after the mark. The second mark is formed
in cold periods and characterized by heavy cutting over of circuli and
differential spacing of circuli in the lateral fields. The second
scale mark was considered to be the true annulus and was the basis for
ageing Atlantic croaker.

Scale samples from 272 Atlantic croaker ranging from 93 to 389 mm
were examined and 248 (917%) were considered legible for age determinations.
Otolith sections from these 248 fish were examined to document scale ring
counts. Rings on otoliths formed simultaneously with the second scale
mark described above, The first annulus-like mark on scales were in-

distinct and were often undetectable,.
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Figure 36. lLength-weight relationship of Atlantic croaker,
Micropogontas undulatus, collected in Glynn County,
Georgia from January 1979 through June 1982.
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Calculation of mean monthly growth of marginal increments vali-
dated that scale annuli (second scale mark type) were formed only once
annually. Annulus formation was detectable during March, April, and
May.

Least-squares regression analyses on the relationship between fish
length and scale radius were performed. An r2 value of 0.87 (P < 0.0001)
suggests back-calculations based on fish length/scale radius would be
reliable for estimating fish length at time of annulus formation. Em~
pirical and mean back-calculated total lengths at age for Atlantic croaker
are presented in Table 140, Table 141 shows the empirical and weighted
mean back-calculated lengths for juvenile, male, female, and all croaker
combined. Figure 37 illustrates length-age relationships, and Table 142
shows.the length-age equations for croaker.

Typically, the life span of croaker on both the Atlantic and Gulf
coasts appears to be two years (White and Chittenden, 1976). Although
older croaker are uncommon, five year old fish have been collected in
the Gulf of Mexico (Barger and Johnson, 1980) and in Georgia (present
study). The largest specimen collected during this study was 389 mm
while the largest sﬁecimen reported by Mahood et al. (1974) was 443 mm.
Mean lengths for one year old croaker from several populations ranged
from 108 to 274 mm (Table 142). Weighted mean back-calculated lengths
determined for one year old croaker in Georgia were fairly consistent
with lengths reported from many areas. Furthermore, lengths of older
Georgia croaker were similar to those reported in the Gulf (Barger and
Johnson, 1980).

Maturity and Spawning

From the data collected during a previous three-year estuarine
survey of Georgia's coastalzwaters it was concluded that the spawning
season for croaker was August through November (Mahood et al., 1974).
It was also reported that juvenile croaker were found throughout Georgia's
estuaries in all months.with peak abundance from May through September.

The data collected during this study, however, indicate that croaker

spawning activity probably extends from as early as August to as late
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Figure 37. Length-aée relationship of Atlantic croaker, Micropogonias
wndulatus, collected in Glynn County, Georgia.
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as April, with peak activity in September and October as advanced stages
(stages IV through VII) were collected from inside waters during these
two months (Table 143). This study had limited utilization of trawls in
ocean waters which resulted in limited collection of adult croaker in
spawning condition. It is generally agreed by other investigators that
most spawning takes place at the entrance of bays and at sea.

Our data appear to agree with that of Hildebrand and Cable (1930)
in that spawning activity may last as long as nine months, peaking in
September and October. They also agree with Bearden (1964) in that
most spawning activity probably takes place in offshore waters. Lunz
(1955) reported that spawning in South Carolina takes place in offshore
waters beyond the limits of normal shrimping operatioms. This probably
explains why very few advanced stages of gonadal development are taken
from Georgia's inshore waters.

Since our sampling technique utilized primarily gillnets in the
inside waters from the beaches to the creeks, sampling design limited
the collection of adult croaker. Advanced maturity stages were collected
only during September, October, and March and were not found at salinities
below 16 ®/oo (Table 144). Advanced maturity stages were collected only
from temperatures below 28°C and salinities higher than 16 0/oo (Table 145).
These specimens came from the mouth of Dubignion Creek on the north end
of Jekyll Island near the seaward end of St. Simons Sound.

One postlarval croaker was collected in ichthyoplankton samples
from the beach in January (Table 63). However, plankton samples were
contracted for identification only during the 5-month period from
January through May. Young croaker were collected in trawl samples
during all seasons with an increasingly higher occurrence rate from
the low in summer to the peak during spring (Table 52). They were also
collected in all sectors, but were most abundant in the creeks and
rivers (Table 53).

The smallest specimens for which sex was determined through gross
examination were 108 mm for females and 110 mm for males. These fish
were age 0, or in the first year of life. The smallest female ex-

hibiting developing ovaries (stage III or greater) was a 182 mm specimen
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Table 144. Stages of gonadal development for Atlantic croaker, Micropogoniae wundulatug, by month, sex and salinity
gradient for flsh collected in Glynn County, Georgia from January 1979 through Junc 1982,

Reproductive
Mouth Stage
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LW

(age 0). No advanced stages of development were observed in males, and
tbevsmallest stage II male was a 255 mm specimen (age I).

Bearden (1964) reported collecting 23 sexually mature South Carolina
croaker over 166 mm in September, and several appeared ready to spawn.
He reported that females over 178 mm were ripe or nearly so and males
over 137 mm had running milt. Lassuy (1983), reporting from the litera-
ture, stated that maturity is reached at the end of the second year, but
some fish may spawn before their second year. Wallace (1940) reported
that croaker reach maturity at 240 mm for males and 275 mm for females
or at age two and three years, respectively. Suttkus (1955) reported
first spawning at the end of the second year of life. Hansen (1970)
reported that croaker may spawn in their first year of life near Pensacola,
Florida. White and Chittenden (1977) found that Texas croaker start to
mature at about 140-170 mm TL.

The five female croaker exhibiting advanced gonadal development
were collected three days prior to first quarter, three days prior to
last quarter, and during a split phase of lunar activity (Table 40).
These phases were all during periods of neap tides or low tidal ampli-
tude. However, since only five specimens were collected, no conclusions
can be drawn between lunar phases and spawning activity.

Females outnumbered males 3.7:1 (Table 41), and dominated at all
salinity levels with over 66.7% of the catch at each level (Table 144).

As shown in Table 40, Atlantic croaker exhibiting advanced repro-
ductive stages were virtually absent in collections made in Georgia
estuaries, prohibiting the determination of fecundity for this species.
However, fecundity was reported by Hansen (1970) to be approximately
41,200 eggs for 18 west Florida croaker. Hansen further reported these
fish (101-145 mm SL) to be near the end of the first year of life.

Food Preference and Feeding Habits

Of 267 Atlantic croaker examined to determine food preferences
and feeding habits, 236 (88.4%) contained food and 31 (11.6%) were
empty. Food items identified in stomachs from fish grouped in 100 mm

length groups are presented in Table 146. Juvenile croaker <100 mm
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fed mainly on crustaceans and annelid worms, but no single food item
dominated as the preferred food. In specimens 101-300 mm annelid worms,
mainly polychaetes, were the dominant food. The most frequently occur-
ring species was the polychaete, Nicolea simplex. There was some inclusion
of fish in the diet of specimens over 101 mm, but the only fish identified
to species level was a tonguefish, Symphurus plagiusa. A limited sample

of large croaker (>301 mm) were collected, but snapping shrimp, crabs,

and mollusks were found in stomach contents.

Pearson (1929) reported that smaller Texas croaker fed mainly on
annelids, particularly pblychaetes, but no crabs and mollusks. However,
in larger fish, shrimp were the main item, followed by annelids, fish,
crabs, mollusks and other mixed diet. Chao and Musick (1977) found
polychaetes and crustaceans as the main food items in the York River
in Virginia. Stickney et ai. (1975) suggested an opportunistic feeding
pattern for Georgia croaker, with the most commonly ingested food items
being mysid shrimp and polychaetes.

The 10 most frequently occurring food items in croaker stomachs are
presented by season and sector in Table 147. Major foods consumed were
annelid worms which occurred in 34.7% of the stomachs. However, crus-
taceans were also consumed in fairly largé quantities (29.2%). Fish and
fish parts were found in 15.7% while mollusks occurred in‘only 4.7%.
Plant materials were observed in many stomachs, but were probably in-
gested incidentally as a result of the croaker's bottom feeding habits.

There was significant variation in food preferences from season to
season. Snapping shrimp were the dominant food item during winter, but
annelid worms and bivalve mollusks were also ingested (Table 147). 1In
spring, the major food source was crustaceans which occurred in 45.1%
of stomachs containing food. Annelid worms and fish parts were also
major foods with each comprising 26.8%. Smooth cordgrass (Spartina
alterniflora) was observed in over half the stomachs, but ingestion of
this and other plant materials was probably more a result of incidental
ingestion rather than directed feeding effort. During summer, annelids

and crustaceans were the major food components, occurring in 46.17 and
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25.27% of the stomachs, respectively. Plant materials were found in
29.6% of summer stomachs. The most frequently ingested crustaceans
during summer were snapping shrimp (Alpheus sp.) and sand fiddler
crabs (Ueca pugilator). Although crustaceans were the primary food
source during fall, fish were ingested more frequently than at any
other time of the year as 22.6% of the stomachs contained fish and
fish parts. Annelids wereAingested less frequently than fish during
fall. The slender isopod (Cyathura polita) and the small penaeid
shrimp (Trachypeneus constrictus) were the major crustaceans observed
in the fall diet,

Stickney et al. (1977) found that the maiﬁ food items in their
study in and near Georgia were harpactocoid copepods during spring
and calanoid copepods in summer. During fall the major foods were
polychaetes, mysid shrimp, and other crustaceans. In winter harpacto-
coid copepods were again dominant. In smaller specimens (less than
39 mm SL) they found that harpactocoid copepods were numerically domi-
nant and were present along with calanoid copepods in all length groups
of fish up to 99 mm SL. In fish above 99 mm SL the major foods were
crustaceans and polychaetes. They also noted that relatively larger
amounts of other organisms were ingested as croaker grew and that
larger specimens may have grown too large to feed efficiently on
smaller copepods. Fish were also found in increasing frequency with
increasing size in larger specimens.

Although major food sources were the same, there was some differ-
ence in ingestion rates between sectors. In the creeks, annelid worms
and crustaceans were the major food items. Annelids were found in
37.2% of the stomachs centaining food, but the snapping shrimp was
the most frequently identified individual food item. Mollusks were
found in relatively few stomachs (9.0%) and none were identified to
species.

In the sounds the two major food groups were crustaceans (38.1%)
and annelids (34.27%). Fish and fish parts occurred in 19.47% while
mollusks were not included in the top 10 items. Mantis shrimp (Squilla

empusa) and snapping shrimp (4dlpheus sp.) were the most frequently
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ingested species.

Too few specimens were collected from the beaches and offshore
waters to determine food preferences in these sectors,

feeding activity, as related to the number of stomachs containing
food, was greatest during spring as 94.77% of the stomachs contained
food (Table 148). During summer and fall feeding activity was equal
at 86%, while in winter there was a very slight decline to 82.6%.

These high percentages indicate that croaker are active feeders through-
out the year. Variations are probably a resuylt of food availability
rather than feeding activity.

There was a slightly higher percentage of stomachs containihg food
in the sounds (90.6%) than in the creeks (85.7%) (Table 148). Too few
specimens were collected from the beaches and offshore waters to draw
conclusions for these sectors.

Croaker were active feeders at all temperature ranges as over 86,2%
of the stomachs collected from each temperature range contained food
(Table 50). _

Peak feeding activity according to lunar phase occurred during the
week preceding first quarter through the three days immediately there-
after, and during the week leading up to last quarter when over 86.8%
of the stomachs contained food (Table 51). Feeding activity declined
slightly during the three day period before new and full moon phases

when the percentage dropped to 80%.

SPOT

Spot (Leiostomus xanthurus) are geographically distributed in the
Gulf of Mexico from the Rio Grande to south Florida, and on the Atlantic
coast from south Florida to Massachusetts (Fischer, 1978). They are
commonly found in habitats similar to that of Atlantic croaker, but spot
also prefer softer substrates than do croaker. In general, they may be
found in concentrations over almost all smooth bottom habitats within
the estuéries, and are one of the most widely distributed fish in our
estuaries. Spot geﬁerally move offshore during colder months, but both

adults and juveniles may be found in estuarine waters year round.
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Movement and Migration

From February 13, 1979 through June 23, 1981, 793 spot were tagged
and released. Length frequencies of tagged spot in 50 mm length groups
are included in Table 149. Lengths(TL) of spot tagged with Howitt tags
ranged from 142 to 326 mm, and those tagged with Floy tags ranged from
108 to 249 mm. Length frequencies of spot tagged with each tag type are
shown in Table 150. Table 151 lists the length frequencies of tagged

spot in 20 mm groups by gear type used for capture.

Tagged spot were returned from September 8, 1979 through July 6, 1981,

0f 793 tagged, 13 (1.6%) were recaptured and tags returned. Recovery
rates, when separated into 50 mm length groups, ranged no higher than
2.17%. The number of spot released and recaptured, time at large, and
distance traveled are presented in Table 149. Time at large ranged from
6 to 88 days with an average of 38 days. Distance traveled ranged as
fér as 118 km with an average of 14.2 km.

The overall recovery rate for spot tagged with Howitt tags was 1.7%
and with Floy tags was 1.67%Z (Table 150). Recovery rates, when separated
into 50 mm length groups, ranged as high as 1.9% with Howitt tags and
2.1% with Floy.

Commercial fishermen were the major source of recoveries, account-
ing for 8'(61.5%) of 13 returns. Only 1 (7.7%) return was by a recrea-
tional fisherman. Study activities accounted for the remaining four
(30.8%) recoveries (Table 11). Recaphture length was not obtained for
the recreational recapture. Recapture lengths from recoveries by com-
mercial fishermen and project personnel using commercial gear ranged
from 152 to 226 mm.

Sufficient information was obtained on 11 (85%) of the 13 recaptures
to determine the estuarine sector and season of capture. Comparison of
return rates between the four sectors revealed that the offshore waters
produced the highest return rate (Table 14). Two commercial recaptures
did not include location of recapture, but these were probably caught
offshore as commercial trawling was legal only in offshore waters. If

this assumption is true, it would increase the percentage of recaptures
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from offshore waters to 54%. Creek and sound sectors produced 4 (36.4%)
and 2 (18.2%) of the 11 recoveries, respectively. No recoveries‘were
caught in the beach sector. Spring produced the highest return rate with
63.67% of all recoveries (Table 15).

0f the 11 spot recoveries, three (27%) were caught in thé immediate
area of release; eight (73%) were caught within 25 km; two (18.2%) had
moved from 26 to 50 km; and one (9.1%) had traveled over 100 km (Table 152).
The spot that traveled over 100 km was tagged in September and recaptured
in November offshore from Jacksonville, Florida -- a distance of 118 km.
As observed in Table 153, the number of recoveries was insufficient to

ascertain movement trends within the estuary.
Length-Weight Relationship

The length-weight relationship for 325 spot, ranging from 120 to 283 mm
and 23 to 276 g, was log W = 3.121 logL -5.096. The correlation coefficient
value for length-weight for spot was 0.8973 (P < 0.0001). Léast—squares
regression analyses on the length-weight relationships for male, female,
and all spot combined are presented in Table 24, Figure 38 illustrates
length-weight relationship for spot. The greatest lengths recorded for
" male and female Georgia spot were 283 and 263 mm, respectively. The
heaviest male and female weighed 276 and 293 g, respectively. Comparison
of length—weight relationshibs for several spot populations are shown in

Table 154.
Age and Growth

Based on a literature review, Barger and Williams (1980) reported
that the most frequently applied method for age determination of spot
was length-frequency analyses. However, such analyses identified only
two age classes. Based on the scale technique, Welsh and Breder (1924)
and‘Pacheco (1962) reported collection of age IV spot in New Jersey and
Chesapeake Bay, respectively.

Sundararaj (1960) and Pacheco (1962) presented evidence validating
the use of scales for age determination of spot in Louisiana and lower

Chesapeake Bay, respectively. However, due to faintmess of the annual
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Figure 38. Length-weight relationship of spot, Letostomus manthurus ,

collected in Glynn County, Georgia from January 1979
through June 1982.
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rings, Welsh and Breder (1924) and Barger and Johnson (1980) reported
difficulty in age determination for spot collected in New Jersey and the
Gulf of Mexico. Sundararaj (1960) and Barger and Johnson (1980) pre-
sented evidence verifying that otoliths can be used for valid age deter-
minations of spot.

Pacheco (1962) described the scale annulus as a densely packed,
narrow band of circuli associated with ‘incomplete or broken circuli
in the anterior portion of the scale area. These densely packed or
interrupted circuli appear as branched, broken, fragmented or terminated
circuli. Circuli before and after these dense rings are usually complete
and uniform. Scale annuli were also characterized by light cutting over
of new circuli in the lateral repgions of the scale and formation of new
radii.

Scale samples from 319 spot ranging from 42 to 283 mm were examined,
and 246 (77%) were considered usable for age analyses. Otoliths from
these 246 spot were also examined to validate the scale annuli counts.
Scale annuli and otolith rings formed simultaneously.

Calculation of mean monthly growth of marginal increments indi-
cated scale annuli are formed only once annually from late February
through early April.

Length-square regression analyses on the relationship between
fish length and scale radius yielded an r2 value of 0.62 (P < 0.0001),
suggesting that back-calculations based on fish length-scale radius
would be reliable for estimating fish length at time of annulus for-
mation. Empirical and mean back-calculated total lengths at age for
gspot are shown in Table 155. Table 156 shows the empirical and weighted
mean back-calculated lengths for juvenile, male, female, and all spot
combined. Table 27 shows length-age equations for male, female, and
all spot combined, and Figure 39 illustrates the length-age relation-
ships.

Rosa Lee's phenomena (Ricker, 1975) was observed in back-calculated
ages for spot. It was observed for the_first year's growth for three

year classes of spot (Table 155). This may be a result of ageing fish
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Figure 39. Length-age relationship of spot, Letiostomus xanthurus,
collected in Glynn County, Georgia,
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collected immediately after two severe winters. The 1977 and 1978
winters were designated by the Federal Government as "shrimp disasters”
and may have produced conditions detrimental to growth and survival of
spot. Of 246 spot aged, 159 (65%) were collected during 1979 and 1980,
and 221 (90%) were collected from 1979 through 1981. The remaining 25
spot were collected during 1982, The first and second year's growth
of most three year old spot occurred concurrently with these severe
winters. The same was true for the first year's growth of two year old
spot. Therefore, it is assumed that growth of spot was probably stunted
during 1977 and 1978, and that the first year's growth for age I spot
(147 mm) may be closer to the expected growth rate. Unfortunately, tag
returns were insufficient to document growth rates.

Ricker (1975) discussed the introduction of an "artificial" Lee's
phenomenon into back-calculations of size from annuli measurements.

"

Ricker stated, . . 1f scale annuli are taken as directly proportional
to body length in a population where they are actually proportional to
length less a constant quantity; the calculated first-year growth is
always too small and it becomes smaller, the greater the age of fish
from which it is calculated.” However, the correction factor (Y inter-
cept) value of -5.203 derived for the body length-scale radius relation-
ship was applied as the constant in back-calculation of spot lengths.
The results were similar to the lengths shown in Table 155, Therefore,
it is assumed that correct techniques were used for spot in back-
calculation of successive scale annuli.

Barger and Williams (1980) derived a "compositive growth rate'
based on six regression equations derived from various age and growth

investigations for spot. Their derived hyperbolic function was:

Y = X
A+BX
where Y = mean total length in millimeters

X = age in months
A = 6.89 x 1072
B = 2.20x 1073

Therefore, Barger and Williams' (1980) compositive growth for 12,

24, and 36 month old spot was 126, 197, and 243 mm, respectively. Their
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values were similar to back-calculated lengths for Georgia spot

(Table 155).
Maturity and Spawning

During this study, the smallest specimens examined for which sex
could be determined through gross examination of gonads were 129 mm
for females and 132 mm for males. These specimens were both age I,
or in their second year of life. The smallest specimens to exhibit
developing gonads (stage III or higher) were 209 mm (age I) for fe-
males and 221 mm (age I) for males.

Music (1974) noted in an earlier study in Georgia that the smallest
spot exhibiting advanced gonadal development (stages IV through VI)
measured 175 mm TL (6.9 inches) for males énd 210 mm (8.3 inches) for
females. The ages were not reported for these fish, but from infor-
mation collected from this study these fish would be approximately
age II. Apparently, first spawning is generally after fish exceed
170 mm (6.7 inches) as similar sizes have been reported in other areas
(Pearson, 1929; Townsend, 1956; and Dawson, 1958). Dawson (1958) also
reported that the méjority of spawning and near-spawning spot in South
Carolina are considered to be late two and early three years old fish.

No spawning activity was observed for spot during this study, and
no advanced stages of gonadal development were collected, Only resting
(stage I) or early developing gonads (stages II and III) were collected
(Table 157). All fish collected from salinities <16 O/oo were stage I
or "resting stage.” All stage II fish were collected at salinities of
16-~30 /oo while the four stage III females were collected from salin-
ities above 26 O/oo in the sounds (Table 158). Furthermore, these
stage I1I females were collected from the sounds in February when water
temperature was less than 15°%¢ (Table 159).

Welsh and Breder (1924) reported spot spéwning in late fall or early
winter. Pearson (1929) reported similar fall and winter spawning in the
Gulf of Mexico at passes leading to intracoastal waters from December

until March, with peak activity in January and February. 'He also
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reported first spawn at the end of the second year of life, followed
by death of the spawners. Fall and winter spawning has been confirmed

by workers in other areas (Hildebrand and Schroeder, 1928; Hildebrand

and Cable, 1930; Dawson, 1958; Pacheco, 1962; Music, 1974, Mahood et al.,

1974; Barger and Williams, 1980; Weinstein and Walters, 1981). Most in-
vestigators also agree that spawning takes place at sea with peak spawn-
ing from November through February. Pacheco (1962) reported that the
fall migration of adults was coincidental with gonadal development.

From the occurrence of advanced maturities in Georgia, Music (1974)
concluded that spawning begins in October and may continue as late as
March, with the peak in November and December. He was unable to collect
ripe females, but found two ripe males in November and two spent fe-
males in March in Wassaw Sound. Mahood et al. (1974) reported that
juvenile spot, averaging 20 to 56 mm TL, were collected in seine samples
in Georgia from February tHrOugh May, with peak abundance in March in
the northern section of the state.

Postlarval spot were identified in ichthyoplankton samples during
January and February (Table 63). These specimené were collected in all
three sectors in January, but in February they were concentrated pri-
marily in the upper rivers and creeks. Young specimens were collected
in 3-meter trawl samples primarily during winter and spring (Table 52).
After abundance peaked in spring, their numbers dropped sharply in sum-
mer, and none were collected in the fall trawl samples. There was an
increase in the abundance of young spot in trawl samples from the
beaches upstream to the upper creeks, indicating a definite preference
for the upper portion of the estuaries (Table 53).

Results from this and other investigations suggestrthat any
spawning that takes place in Georgia's inside waters is in reduced
amounts in the northern portion of the coastline.

The overall sex ratio of females to males during this study was
1.4:1 (Table 41), and was the same as reported in an earlier study in
Georgia by Music (1974). '

As shown in Table 40, spot exhibiting advanced reproductive

stages were virtually absent in collections made in Georgia estuaries
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which prohibited the determination of fecundity for this species.
Food Preference and Feeding Habits

Food items identified in spot stomachs by 100 mm length groups
are presented in Table 160, Of 321 spot stomachs examined to deter-
mine feeding habits, 282 (87.9%) contained food and 39 (12.1%) were
empty. Spot are relatively small bottom feeders which consume a wide
variety of organisms, most of which are benthic. Small spot <100 mm
were found to contain mainly crustaceans and annelid worms. The most
frequently occurring crustaceans were copepods, and the most frequently
oceurring annelids were Heteromastus filiformis and Eteone sp. In spot
101-200 mm crustaceans, primarily amphipods, and a variety of annelid
worms and small mollusks were consumed. Spot >201 mm apparently ate
every type of crustacean, mollusk and worm they could adequately ingest.
The most frequently occurring items, however, were a variety of uniden-
tified polychaetes, small mollusks, and crustaceans. Plant detritus
and inorganic materials were frequently a significant portion of stomach
contents, but were considered incidentally occurring materials resulting
from benthic feeding behavior.

The 10 most commonly occurring food items found in spot stomachs
by season and sector appear in Table 161. Apnnelid worms, mollusks and
crustaceans were the most frequently ingested foods during winter.
During spring, annelids were again the most important food but crusta-
ceans also ranked high. Mollusks did not appear in the top 10 items.
During summer, crustaceans became the dominant food source, but mollusks
and annelids were also important. Plant detritus also occurred in many
stomachs. The top occurring food items during fall were rhynchcoel
worms and crustaceans, primarily amphipods and small mud crabs (Panopeus
sp.). In genmeral, any small invertebrate living in the benthic community
is highly susceptible to predation by spot. Everything from young horse-
shoe crabs to fish were found, but the data indicate a definite preference
for polychaetes and benthic crustaceans., Chao and Musick (1977) found
that the dominant foods of spot in Virginia's York River were burrowing

polychaetes. Stickney, Taylor and White (1975) found harpacticoid
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copepods to be the dominant food in spot <200 mm SL in Georgia. Sum-
maries of food habits for spot are presented in Dawson (1958) and Chao
and Musick (1977).

Annelid worms and mollusks were the dominant food in the creeks
(Table 161). The major food items in the sounds were crustaceans and
annelids, while on the beaches crustaceans and mollusks were encountered
most often. Of those spot stomachs examined from offshore wateré, there
was near even distribution of mollusks, annelid worms and cruétaceans.
However, too few specimens were collected from offshore waters to draw
accurate conclusions for this area.

Seasonal feeding activity was apparently greatest during spring as
95.9% of the stomachs examined contained food (Table 162). Summer and
winter feeding activity were only slightly lower with 88%, and feeding
activity was lowest during fall when 75.97% contained food.

A definite trend in increased feeding activity was observed between
sectors as the percentage of stomachs containing food increased from the
creeks (81.3%) to the sounds (93.6%) to the beaches and offshore waters
with 100.0% (Table 162).

Water temperature apparently did not significantly alter the feeding
habits of spot as over 757 of the stomachs examined contained food in all
temperature ranges (Table 50).

Spot fed actively throughout the lunar month except during the three

days preceding and during new moon when only 38.5% of the stomachs examined

contained food (Table 51). During all other moon phases over 66.7% con-
tained food. Highest feeding activity apparently occurred during the
week preceding full moon and the three days before last quarter as all

stomachs examined contained food.

SOUTHERN KINGFISH

Southern kingfish (Menticirrhus americanus) may be found in most
areas along the west Atlantic from Cape Cod to Buenos Aires, Argentina
(Fischer, 1978). They generally prefer sand and firm bottom areas in

estauries and nearby ocean waters. Juveniles may be found in abundance
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year around at all depths in the lower portion of the estuaries, while

the adults move to offshore waters during the colder months.
Movement and Migration

From March 12, 1979 through June 28, 1982, 540 southern kingfish
were tagged and released. Length frequencies of tagged kingfish are
presented in 50 mm length groups in Table 163. Lengths (TL) of king-
fish tagged with Howitt tags ranged from 146 to 400 mm and those tagged
with Floy tags ranged from 116 to 352 mm. Length frequencies of king-
fish tagged with each tag type appear in Table 164. Table 165 lists
length frequencies of tagged southern kingfish in 20 mm groups by gear
type used for capture.

Southern kingfish recaptures were returned from August 17, 1979
through September 8, 1982. Of 540 kingfish tagged, 26 (4.8%) were
recaptured and tags returned. Recovery rates, when separated into 50 mm
fish length groups, ranged as high as 9.27%. The number of fish released
and recaptured, time at large, and distance traveled are presented in
Table 163. Time at large ranged from 5 to 682 days with an average of
230 days. Distance traveled ranged as far as 537 km, averaging 44.1 km.

The overall recovery rate with Howitt tags was 7.5% and with Floy
tags was only 0.9% (Table 164). Recovery rates, when separated into
50 mm length groups, ranged as high as 10.97% with Howitt tags and 2.67%
with Floy tags.

Commercial fishermen were the major source of southern kingfish
recoveries, accounting for 15 (57.7%) of 26 returns. The remaining
11 recoveries were caught by recreational fishermen (Table 11). Of
11 recreational recapturesg, 9 (82%) included sufficient information to
determine lengths of creel size fish. Lengths (TL) of recreational
recaptures ranged from 213 to 360 mm with an average size of 299 mm
(Table 12). Length ﬁrequencies of recaptures indicated that most creel
size fish ranged between 250 and 350 mm with the highest percentage
(44.5%) between 301 and 350 mm (Table 13).

The beaches and offshore areas produced 82% of all recoveries

with 36.4 and 45.5%, respectively (Table 14). The creeks produced
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only oﬁe return (4.5%) while the sounds accounted for three (13.6%).

Spring produced 54.6% of recoveries while winter and fall produced
the fewest with 13.6 and 4.5%, respéctively (Table 15). Summer accounted
for the remaining six (27.3%) returns.

Georgia residents fishing in state waters accounted for 10 (91%) of
the 11 recreational recoveries. Of these Georgia fishermen, seven (70%)
traveled 40 km or less to reach the location of recapture, and all fisher-
men traveled less than 120 km (Table 16). Bait and gear types used by
recreational fishermen to catch southern kingfish were available for only
nine recaptures. Three specimens were recaptured with seines and one was
caught with a gill net in Florida. Gear and bait information were not
obtained for two recreational recaptures. Five recreational recaptures
were caught with dead shrimp (Table 17).

Only 13% of the kingfish recoveries were recaptured in the immediate
area of release. Of 23 kingfish for which recapture location was known,
17 (74%) were recaptured within 25 km of the tagging site (Table 166).
Three recoveries (13%) had traveled 26 to 50 km, and one recovery was
taken from each of the following distance intervals: 51 to 100, 101 to
200, and over 500 km. The specimen that moved over 500 km was at large
682 days and recaptured with a haul seine in March, south of Surf City,
North Carolina. This 356 mm specimen had traveled a distance of 537 km.
Winter recoveries produced the greatest movement, averaging 304.8 km
(Table 21).

Recoveries were insufficient to ascertain movement within the
estuary, but movements out of the esthary both north and south were

similar during all seasons (Table 167).
Length~Weight Relationship

The length-weight relationship of 195 southern kingfish, ranging
from 90 to 388 mm and 7 to 734 g, was log W = 3.160 logL —5.360. The
correlation coefficient value for length-weight was 0.9900 (P < 0.0001).
Least-squares regression analyses on the length-weight relationships
for male, female, and all southern kingfish combined are shown in

Table 24. Figure 40 illustrates length-weight relationships for southern
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Figure 40. Length-weight relation of southerﬁ kingfish,
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Georgia from January 1979 through June 1982.
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kingfish. The greatest lengths recorded for male and female Georgia
kingfish were 319 and 388 mm, respectively. The heaviest male was

353 g and the heaviest female was 734 g.
-Age and Growth

Available information on age and growth of southern kingfish has
been based primarily on length-frequency analyses (Welsh and Breder,
1924, Hildebrand and Cable, 1934; Bearden, 1963). Welsh and Breder\(1924)
also examined scale samples from New Jersey kingfish and found that fish
lengths derived from the scale annuli method confirmed their findings
based on length-frequency analyses. _

Scale samples from 215 southern kingfish ranging from 90 to 388 mm
were examined, and 187 (877%) were considered legible for age analyses.
Otolith sections from these 187 specimens were also examined and year
mark formation on otoliths was found to be simultaneous with that of
scales. The following scale characteristics were considered to be true
annuli: heavy cutting over of circuli in the lateral regions of the
scale, formation of new radii, and a narrow band of broken and fragmented
circuli in the anterior region of the scale.

The calculation of mean monthly growth of marginal increments indi-
cated that scale annuli were formed only once annually. Single annulus
formation was detectable on scales during March ana April, with all
scales bearing recent annuli by mid-May.

Least-squares regression analyses on the relationship between fish
length and scale radius yielded an r2 value of 0.86 (P < 0.0001). Such
results suggest the relationship to be sufficiently linear to warrant
direct proportion calculations to determine fish length at time of
annulus formation. The empirical and mean back-calculated lengths at
age for southern kingfish are shown in Table 168. Weighted back-calcu-
lated lengths for juvenile, male, female, and all southern kingfish com-
bined are contained in Table 169. Table 27 shows the length-age equations
for male, female, and combined southern kingfish, and Figure 41 illus-

trates the length-age relationship of all kingfish combined.
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Figure 41. Length-age relationship of southern kingfish, Menticirrhus
americanus, collected in Glynn County, Georgia.
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Maturity and Spawning

The smallest specimens for which sex could be determined through
gross examination were 147 mm for females and 142 mm for males. These
specimens were age I, or in their second year of life. The smallest
female exhibiting developing ovaries (stage III or greater) was 287 mm
(age I). Stage II was the highest level of gonadal development observed
in males, occurring in one specimen 293 mm (age III). { )

'Bearden (1964) reported that sexual maturity in South Carolina males
was reached at 195 mm SL, probably two years old or slightly less, and
in females at 230-250 mm SL, or approximately two to three years of age.

Southern kingfish are present in Georgia waters the year around,
but adults appear in greatest numbers in early spring and are collected
throughout the warmer months. The spawning period in Georgia was pre-
viously reported as March through August by Mahood et al. (1974). From
the maturity data collected during this study it appears that spawning
development probably begins in March and continues as late as September,
with peak spawning activity during April and May (Table 170), Although
very few adults exhibiting advanced stages of gonadal development were
collected, three stage V females were collected inside St. Simons Sound
and one stage VI male was collected from the béach. Since no ripe females
or males were collected from inside waters, it is probable that the vast
majority of adults spawn in ocean waters although some spawning probably
also takes place along the.beaches and in the lower sounds. Music (per-~
sonal observation) collected running ripe female southern kingfish approxi-
mately six nautical miles offshore from Jekyll Island at night during June
in approximately 10 meters of water during experimental trawling for brown
shrimp in 1974. Mahood et al. (1974) reported collection of young southern
kingfish in the creeks and rivers during seining operations only during
July in the southern portion of the state. They also reported that
juveniles were more dependent on large rivers and sounds as nursery areas
than most other species although they did use the upper creeks and marshes
to a limited extent.

Table 171 presents the maturity stages by month and salinity gradient.
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All advanced maturity stages were collected at salinities above 21 O/oo
during April and May. Beginning development (stage III) occurred at water
temperature above 16°C while more advanced stages were collected after
water temperature exceeded 21°¢C (Table 172). No correlation could be
made between spawning development and lunar phase as too few specimens
were collected (Table 40).

No larval or postlarval southern kingfish were identified in ichthyo-
plankton samples (Table 63). However, young specimens were collected in
trawl samples throughout the year. The lowest occurrence of young king-
fish occurred during wintef, but their numbers increased through spring
and peaked in summer before again dropping sharply in fall (Table 52).
Young specimens were collected throughout the estuaries but their occur-
rence increased steadily from the creeks toward the beaches (Table 53).

Hildebrand and Cable (1934) reasoned from the abundance of larvae
at Beaufort, North Carolina that the principal spawning season for that
area seemed to extend from the latter part of June through July and
August. They further concluded that spawning probably occurs chiefly
along outside shores although some spawning may take place within inside
waters. Bearden (1963) reported that mature specimens with developing
roe were found in South Carolina in April and June, and one nearly ripe
female was found in July. Therefore, he presumed that spawning takes
place largely or entirely offshore since no fully ripe females were col-
lected. He concluded that the spawning season in South Carolina extends
about the same period of time as was reported by Hildebrand and Cable
(1934). Our results seem to follow that of Bearden in that spawning
takes place largely or entirely at sea.

The sex ratio of female to male southern kingfish during this study
was 10.6:1 (Table 41).

As shown in Table 40, southern kingfish exhibiting advanced repro-
ductive stages of gonadal development were virtually absent in collections
made in Ceorgia estuaries. This absence prohibited detailed analyses of
fecundity. However, fecundity was estimated to be approximately 198,000

eggs for one age II, 334 mm specimen. The total weight of this fish was

y
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439 g, with the gonads making up approximately 17% (75.9 g) of its total
weight.

Food Preference and Feeding Habits

Although southern kingfish or "whiting" are relatively small fish
with rather small mouths, they are very aggressive and voracious bottom
feeders which eat a variety of organisms. Of 226 southern kingfish
stomachs examined to determine food preferences and feeding habits, 188
(83.2%) contained food and 38 (16.8%) were empty. Food items identified
in stomachs by fish length, in 100 mm groupings, are presented in Table 173.

In young kingfish <100 mm small mollusks were the most frequently oc-
curring item although crustaceans and annelid worms were also ingested.
Crustaceans in stomach contents included amphipods and fiddler crabs, but
only Uca minax was identified to species. In specimens 101-300 mm the
primary foods were crustaceans, annelid worms and mollusks. This size
group also began to utilize fish such as snake eels (Ophichthus ophis)
and blackcheeked tonguefish (Symphurus plagiusa). In specimens >301 mm
fish became as important as crustaceans. A variety of fish species were
observed in the stomachs of larger specimens but star drum (Stellifer
lanceolatus) was the only species found in replicate. The most frequently
occurring crustacean was the lady crab (Ovalipes ocellatus) although
penaeid shrimp and grass shrimp were alsc important. No mollusks were
observed in the stomachs of larger specimens, but annelid worms remained
a major food component.

The 10 most frequently occurring food items are presented by season
and sector in Table 174. Crustaceans were the primary food source in
the creeks and rivers, but fish were also ingested. Major crustaceans
included blue crabs (Callinectes sapidus) and mantis shrimp (Squilla sp.).
Major fish species included snake eels and blackcheek  tonguefish. 1In
the sounds kingfish fed primarily on fish, crustaceans, and annelid worms.
Top food items identified were grass shrimp (Palaemonetes sp.), mantis
shrimp, and the small portunid crab (Portunus gibbessii). No specific
fish species ranked in the top 10 food items identifed from the sounds. The

most commonly occurring food item on the beaches was the commercial white
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shrimp (Penaeus setiférus)., However, two other crustaceans, the common
mud crab (Panopeus sp.) and lady crab (Ovalipes oceallatus), were also
important. Annelids, fish,'and mollusks were secondary food items in
samples collected from the beaches. Although only four stomach samples
were collected from offshore waters, the mole crab (Emertia talpoida)
was found in two of these four specimens.

Welsh and Breder (1924) found that the stomach contents of southern
kingfish 2.8 to 5.8 e¢m at Boca Grande, Florida consisted of schizopodus
forms (85%), fish (6%), and polychaete worms (2%). In specimens 12-25 cm
the major foods were polychaete worms (247) and shrimp (20%7), but crabs
were also consumed. They concluded that the southern kingfish diet is
equally divided between crustaceans and polychaete worms (possibly
Nereius) with occasional slight quantiries of small fish.

Bearden (1963) looked at the food habits of South Carolina southern
kingfish and found that the most frequently occurring food items for all
size groups were crustaceans and marine annelid worms (polychaetes). In
specimens 15-80 mm SL annelid worms, mysid shrimp, amphipods and shrimp
larvae occurred in over 367 of the stomachs. In specimens 81-135 mm
major foods were annelid worms and shrimp with over 44% occurrence. How-
ever, crabs, amphipods, shrimp larvae and mysid shrimp were also important
with over 16.8% occurrence. Specimens 135-200 mm fed mainly on shrimp,
annelid worms and crabs, while specimens 201-280 mm fed mainly on shrimp
and crabs.

Seasonal feeding activity from fall through spring showed near equal
food consumption rates with ovér 84.37 of the stomachs containing food
(Table 175). The percentage dropped slightly in summer to 79.47%, but
the reason is unknown.

Feeding activity was high in all sectors as over 75% of the stomachs
in each sector contained food (Table 175). Greatest feeding activity was
in the creeks and along the beaches as 88.2% of the stomachs contained
food. In the sounds, the percentage was only slightly lower at 78.6%.
Although only four specimens were collected from offshore waters, 75%

contained food.
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Water temperature apparently had little effect on the feeding activity
of southern kingfish (Table 50). At temperatures from 1l to 35°C over
76.9% of the stomachs examined contained food from each temperature gra-
dient. Although the percentage dropped slightly to 66.7% at temperatures
below lOOC, only three specimens were collected and accurate conclusions
from such small samples cannot be drawn.

In relation to lunar phase, peak feeding activity apparently took
place during the three days prior to new moon and during the three day
period before last quarter as over 91% of the stomachs contained food
(Table 51). Lowest feeding activity occurred during the three days fol-
lowing new moon, during the three day period after the first quarter, and
during full moon when over 24% of the stomachs were empty. Further break-
down of feeding activity according to lunar phase is impractical because

of low numbers collected during certain lunar phases.

GULF KINGFISH

The peographical distribution of the gulf kingfish (Menticirrhus
littoralis) includes the Atlantic coast from south Florida to Chesapeake
Bay, the Gulf of Mexico and continental coast of the Caribbean Sea, and
the Atlantic coast of South America southward to Rio Grande, Brazil
- (Fischer, 1978). Gulf kingfish, also known as beach or surf whiting,
prefer smooth sand bottom areas along the beaches and nearshore ocean

waters, and they seldom occur inside the estuaries.
Movement and Migration

Only 10 gulf kingfiéh were tagged in the'estﬁarine waters of Glynn
County, Georgia. Length frequencies in 50 mm length groups are presented
in Table 176. Lengths (TL) of gulf kingfish tagged with Howitt tags
rhnged from 220 to 277 mm and those tagged with Floy tags ranged from 176
to 293 mm, Table 177 lists the length frequencies of gulf kingfish col-
lected for tagging in 20 mm groups by gear type.

Since none of the 10 tagged gulf kingfish were recovered, recovery

information was not available to ascertain movement for this species
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(Table 14). However, based on release information, gulf kingfish occur
primarily on beaches and in offshore waters during spring, summer, and

early fall.
Length-Weight Relationship

The length-weight relationship for 28 gulf kingfish, ranging from
176 to 298 mm and 51 to 289 g, was log W = 2.872 logL -4.675. The cor-
relation coefficient value for length-weight for this species was 0.8054
(P < 0.0001). Least-squares regression analyses of the length-weight
relationships for females, males, and all gulf kingfish combined are shown
in Table 24. Figure 42 illustrates the length-weight relationships for
gulf kingfish. Greatest lengths recorded for males and females were
217 and 298 mm, respectively. The heaviest specimens weighed 117 g for

males and 298 g for females.
Age and Growth

Scales and otolith sections from 34 gulf kingfish ranging from 176
to 298 mm were examined, and 28 (92%) were considered to be legible for
age analyses. Scale characteristics described for southern kingfish were
similar to that for gulf kingfish and were considered as the criteria
for recognition of annuli on gulf kingfish scales, Scale and otolith ring
formations were simultaneous.

Although the total number of gulf kingfish collected was insufficient
to document the number and time of annuli formations, calculations of mean
monthly growth of marginal increments indicated that scale annuli were
formed only once annually during March through May.

Least—squares regression analyses on the relationship between fish
length and scale radius yielded an r2 value of 0.25 (P < 0.0077). Back-
calculations of fish length at time of annulus formation were performed,
and empirical and mean back-calculated total lengths at age for gulf king-
fish are shown in Table 178. Weighted back-calculated lengths for male,

female and all kingfish combined are presented in Table 179.
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Table 179. Number, empirical and back-calculated total
lengths, and growth increments by sex and
age for Gulf kingfish, Menticirrhus
littoralis, collected in coastal waters of
Glynn County, Georgia from January 1979
through June 1982,

Age
Sex 1 2

Juveniles

Number

Mean Length at Capture
Back-Calculated Length
Growth Increment

None Collected

Males
Number 2
Mean Length at Capture 215
Back-Calculated Length 97
Growth Increment 97
Females
Number ’ 20 5
Mean Length at Capture 238 284
Back-Calculated Length 122 266
Growth Increment 122 144
Combined ‘
Number 22 5
Mean Length at Capture 236 284
Back~Calculated Length 120 266
Growth Increment 120 146

(1)

()

NOTE: Lengths measured in millimeters.



uh

Maturity and Spawning

Relatively low numbers of gulf kingfish were collected during the
study due to their seasonality and distinct preference for the beaches
and surf zone. The smallest specimens for which sex could be determined
through gross examination were a 213 mm female and a 214 mm male. Both
of these specimens were age I, or in their second year of life. The
smallest female exhibiting developing gonads (stage ITI or higher) was a
292 mm specimen (age II). The only male found exhibiting advanced maturity
was a 326 mm specimen, and the only ripe female collected was a 292 mm
specimen (age II).

Age at maturity was first considered to be in the third or fourth
summer (Welsh and Breder, 1924). However, Lunz (1955) later reported
that maturity is reached in the second or third year. Bearden (1963)
reported that it is possible that sexual maturity for gulf kingfish is
similar to that of southern kingfish, which he judged to be probably two
years old or slightly less for males and approximately two to three years
for females. His assumptions were based on gonadal inspection of both
species.

Various stages of gonadal development for gulf kingfish are pre-
sented by month and sex in Table 180. Of 37 mature specimens collected,
62.2% exhibited "resting stage' gonads while 32,4% were in relatively
early stages of development (stages II and III). Only two specimens
exhibited advanced maturity. These two specimens were a ripe female
and a ripe male whichlwere cbllected in the surf zone on the beach at
Christmas Creek on Cumberland Island in April from water temperature of
20°¢C and salinity of 22 0/oo (Tables 181 and 182). Close proximity to
the Satilla River, a major. coastal plains freshwater river drainage system,
plus normal tidal exchange from Christmas Creek probably accounted for
the occurrence of these spawners in relatively low salinity waters. The
overall average salinity along the beaches in Glynn County, Georgia during
this survey was 28.8 o/oo (Table 37).

Hildebrand and Cable (1934) reported that spawning begins at Beaufort,

North Carolina no later than the first of May and continues into August,
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and that it seemed almost certain that spawning occurs only in the open
outside waters. Their conclusions were based on the rare occurrence of
adults in spawning condition in inside waters. Lunz (1955) reported that
all three species of kingfish spawn in outside waters in South Carolina
with the possibility of some spawning in the sounds. Mahood et al, (1974)
reported in a previous trawling and gillnet study along the Georgia coast
that gulf kingfish were collected in all months with peak abundance in
March and April. However, they failed to collect young specimens during
seining activities in inside waters, and were therefore unable to report
a spawning season for this species. Bearden (1963) reported that spawn-
ing presumably occurs at the same time in South Carolina as was previously
reported by Hildebrand and Cable (1934) for Beaufort, North Carolina. His
presumption was based on the collection of a wide size range (25-90 mm SL)
of young during the fall.

The absence of gulf kingfish exhibiting advanced reproductive stages
of gonadal development in‘Georgia estuaries prohibited detailed analyses
of fecundity (Table 40). However, fecundity was estimated to be approxi-
mately 216,750 eggs for one age II, 292 mm specimen, Total weight of this
fish was 289 g, and its ovaries comprised approximately 24% (68.3 g) of

its total body weight.
Food Preference and Feeding Habits

The gulf kingfish, or surf whiting, occurs in much lower numbers than
the southern kingfish or common whiting. Of 35 gulf kingfish stomachs ex-
amined to determine food preferences and feeding habits, 28 (80%) contained
food and 7 (20%) were empty. The contents of stomachs containing food are
presented by fish size in 100 mm groupings in Table 183. No specimens
<100 mm were found with food in their stomachs. Although only two speci-
mens 101-200 mm had ingested food, amphipods and bivalve mollusks were
found in their stomachs. In specimens 201-300 mm the major foods were
annelid worms, mollusks and crustaceans. Mysid shrimp and lady crabs
(Ovalipes ocellatus) were the most frequently occurring crustaceans al-
though the small crab (Pimnixa chaetopterana) was also found. The poly-

chaete worm (Nicolea simplex) was the most frequently occurring species
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ingested by this size group. Too few specimens were collected for fish
>301 mm to determine feeding habits, but the small mollusk, Donax
variabilis, was found in one specimen.

The gulf kingfish occurs seasonally in Georgia, appearing in the
spring and peaking in abundance during summer. Consequently, no speci-
mens were collected for food habits studies during fall and winter.
Furthermore, since it prefers the surf zone along the beaches, no speci-
mens were collected from the creeks and sounds. It occurs so infrequently
in inland waters that many anglers do not know that there are two species
of kingfish in our waters.,

The 10 most frequently occurring food items ingested by this species
are presented by season and sector in Iable 184. 1In general, major foods
were crustaceans, annelid worms and mollusks. The most frequently occur-
ring crustacean was the lady crab (Ovalipes ocellatus). Although mollusks
were ingested, only the small coquina (Foesor coquina) was identified.
During spring, lady crabé an& mysid shrimp were the most frequently in-
gested crustaceans although other crabs (Pimnixa sp.) and digger amphi-
pods were also observed (Table 184). Coquina shells were the most commonly
occurring mollusk. During summer the main foods were crustaceans, annelid
worms, and mollusks. Other items of lower occurrence included amphipods
and tellin shells.

Insufficient samples of gulf kingfish were collected to correlate
water temperature or lunar phase with feeding activities. The data col-
lected are presented in Tables 50 and 51.

Bearden (1963) found that juvenile gulf kingfish in South Carolina
waters had fed almost entirely on beach fleas (Orchestia sp.), and the
adults contained fish remains, mole crabs (Emerita sp.) and stomatopod

(Squilla sp.) remains.

MISCELLANEOUS SPECIES

In addition to those species selected for this- study, 116 specimens
of 11 additional species were tagged in limited numbers. Information on

the number released and recaptured, time at large, and distance traveled
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for each of these species are presented in Table 185. Of these additional
species tagged, individuals of only five species were recovered.

One of five tagged Atlantic sturgeon (deipenser oxyrhynchus) was
recaptured. This 610 mm (TL) individual was released in the St. Andrew
estuarine system during January and traveled 37 km before being recap-
tured six days later by a shad fisherman in the delta portion of the
Altamaha River.

Thirty-five rock seabass (Centropristis philadelphica) were tagged,
but only two (5.7%) were recovered. Both recaptures were released during
October in St, Simons Sound and recaptured in ocean waters by commercial
shrimp trawlers. One was at large'three days and recaptured approximately
12 km offshore from Jekyll Island. The other specimen was at large 18

days and recaptured in the St. Simons Sound channel after traveling 5.5 km.

The lengths of these seabass when released were 252 and 262 mm, respectively.

One of ten tagged striped mullet (Mugil cephalus) was recaptured.

This specimen was released during February in Clubbs Creek in the St. Simons
estuarine system and recaptured 393 days later by project personnel in the
same area of release, The female mullet measured 290 mm (FL) when released
and was 323 mm when recaptured -~ a growth of 33 mm.

Of five tripletail (Lobotes surinamensis) tagged, only one was re-
captured. This individual was released during August in St. Andrew Sound
and traveled 490 km before it was recaptured 600 days later by a commercial
fisherman longlining for swordfish in the Gulf Stream off Ft. Pierce,
Florida. It was gaffed while lazily swimming underneath a longline buoy.
This specimen had measured 462 mm (TL) when released and reportedly measured
34 inches (860 mm) when recaptured -- a growth of 434 mm.

The remaining six species tagged did not produce any reported re-

coveries.
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SUMMARY

Spotted seatrout are Georgia's most popular inshore recreational
species. Personnel tagged 3,381 seatrout and received 456 (13.5%) re-
turns. Recreational fishermen were the major producer of tag recoveries
with 68%, while commercial fishermen produced only 0.9%. Movement was
seasonal and generally short range, averaging only 8.9 km. Approxi-
mately 90%Z of all recoveries were recaptured within 25 km of the tagging
site. Maximum distance traveled was 110 km. Seatrout are generally
estuarine specific and in many cases they seem oriented to particular
river systems. Recapture .lengths ranged from 268 to 735 mm with an
average length of 414 mm.” Maximum ages observed were age VIII for
females and VI for males. Spawning took place in the lower estuary and
along the beaches from April through August, peaking in May and June at
water temperatures and salinities above 21°C and 26 O/oo, respectively.
Hermaphroditism was observed in eight specimens, but represented <1% of
all specimens examined. Feeding habits changed with increase in size
from smaller crustaceans to penaeid shrimp to predominantly fish in the
largest specimens.

Weakfish or "summer trout" rank moderately as a recreational fish
'species and are generally taken by bottom fishermen. Only 48 (1.6%)
of the 2,958 tagged weakfish were returned and recreational fishermen
accounted for only 17 (35.4%) recoveries. Most (54.5%) creel-sized
recoveries ranged from 350 to 500 mm, and 95% (43) of the recoveries
were recaptured within 25 km of the tagging site. Average and maximum
distances traveled were 8.3 and 167 kn, respectively; Mostrspawning
activity apparently took place in ocean waters, but advanced maturities
were collected in the lower portions of St. Simons Sound with peak
occurrence in April, when 29.4% of the females exhibited advanced
ovarian development. Preferyed foods for smaller weakfish (<200 mm)
were crustaceans and anchovies, but larger specimens showed a definite

preference for menhaden and penaeid shrimp.
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Red drum or 'channel bass" are very popular with anglers, but
population size is relatively small in comparison with species such
as spotted seatrout, croaker and weakfish. Only 368 red drum were
tagged, but 79 (21,57%) were recaptured, indicating very high fishing
pressure on the first four year classes. Return rates for individual
size groups ranged as high as 28.9%. Average movement was 14.2 km,
and 88.67% of the recoveries were caught within 25 km of the tagging
site., Maximum distance traveled was 178 km. Creel lengths of re-
captures ranged from 311 to 659 mm, averaging 447 mm. Spawning ap-
parently took place at sea during fall and early winter when adults
left the surf zone and moved seaward. No advanced gonadal development
was observed. Small red drum (<200 mm) ate primarily crustaceans.
However, as they increased in size (301 - 800 mm) fish were also incor-
porated into the diet. \

0f 1,181 southern flounder tagged, only 75 (6.4%) were recaptured,
indicating that this species is probably underharvested by recreational
anglers. Anglers caught only 41 (54.7%) of the recaptures. Maximum
distance traveled was 556 km, and average distance was 53.8 km. Lengths
of recreational recaptures ranged 222 - 436 mm, averaging 340 mm. Spawn-
ing apparently occurred in ocean waters during fall and early winter as
only one specimen with developing gonads was collected in inshore waters.
Small southern flounder (<200 mm) ate both fish and crustaceans, but
larger creel size specimens showed a definite preference for fish.

The population of creel size summer flounder in Georgia's coastal
waters is very small. Of 141 summer flounder tagged, only 1 (0.7%) was
recaptured. This particular specimen was caught by a commercial shrimp
trawler in ocean waters. Of 23 summer flounder aged, only one specimen
had formed an annulus, indicating that fish over age I generally move
out of the estuaries. Only three mature females were collected, and
these exhibited resting (stage 1) ovaries. Small summer flounder fed
predominantly on crustaceans, but specimens 201 - 300 mm also fed ov
squid.

Of 352 black drum tagged, 92 (26.1%) were recaptured. Maximum
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distance traveled was 619 km and average distance was 41.2 km. Approxi-
mately 84% of the recoveries were collected within 25 km of the tagging
site. Lengths of recreational recoveries ranged from 251 to 400 mm.
Spawning took place primarily during March and April at salinities

>21 o/oo and temperatures 16 - 25°C. Small drum fed mainly on decapod
crustaceans and annelid worms (polychaetes), but mollusks became impor-—
tant with increase in size. The largest adults preferred crabs and
bivalve mollusks.

Of 416 sheepshead tagged, only 30 (7.2%) were recaptured, indicating
low fishing pressure. Returns were only from recreational fishermen
(76.7%) and project personnel (23.3%). Movement was generally short
range as 93% (28) of the returns were captured within 25 km of the
tagging site. Recapture lengths ranged 192 - 393 mm, averaging 300 mm.
Spawning activity was apparently centered in offshore waters from March
through May as no spawning activity was observed in inland waters.
Little difference existed in the diet of different size groups except
for a greater inclusion of mollusks, echinoderms and urochordates with
increase in size. Crustaceans and mollusks were the staple food source
for all size groups. '

Croaker had a very low return rate as only 2,5% (87) of the 3,456
tagged specimens wereé recaptured. Approximately 487% of the recaptures
were recaptured in the immediate area of release, and 927 were caught
within 25 km. Maximum movement was 179 km and average movement was
10.9 km. Lengths of recreational recaptures ranged from 200 - 300 mm.
Apparently, most croaker over one to two years of age moved out of the
estuaries. Spawning activity probably extended from August to April,
with the peak during September and October. Advanced maturity was
observed at temperatures <28°¢ and salinity >16 O/oo. Small croaker
(<200 mm) fed mainly on crustaceans and annelid worms (polychaetes),
and the largest specimeﬁs included limited amounts of fish in their
diets.

Spot ranked very low as a recreational speéies. Of 793 tagged,
only 13 (1.6%) were recovered, and only one (7.7%) of these was taken

by a recreational fisherman. Movement averaged 14.2 km with a maximum
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distance of 118 km. No spawning activity was observed in inland waters,
and spawning apparently took place in ocean waters during late fall and
winter. Primary foods were annelid worms, mollusks and crustaceans, but
most small invertebrates were susceptible to ingestion.

Only 26 (4.87%) of the 540 tagged southefn kingfish were recovered.
Average distance traveled was 44.1 km, although one specimen traveled
537 km. Approximately 74% of all recoveries were recaptured within
25 km of the tagging site. Commercial fishermen accounted for 57.7%
of the recoveries. Spawning development apparently began in March and
continued through September with the peak in late spring. Most spawning
apparently took place in ocean waters although some spawning activity
may have occurred in the lower sounds. Small southern kingfish fed on
small mollusks, crustaceans and annelid worms, but fish also became
important in larger specimens.

Gulf kingfish were collected seasonally during warm months. Only
10 specimens were tagged, and no recoveries were obtained. Spawning
information was limited, but spawning activity apparently took place
at sea during spring and summer. Annelid worms, mollusks and crusta-

ceans were found in stomach contents.
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RECOMMENDATIONS

To insure that wise and prudent management decisions relative to
Georgia's marine recreational fishery will be made in the future, con-
sideration should be given to the following recommendations:

1. Establish a daily creel limit of two (2) red drum per

person, and a possession limit of four (4) per person
for red drum measuring over thirty (30) inches total
length. This recommendation is préposed to insure
adequate protection of spawning size red drum from
overexploitation. Reported catches of adult reds

have apparently declined during the past decade.

Since the adults tend to congregate in relatively

few areas of the surf zone, they are highly suscep-
tible to overexploitation. Also, since large speci-
mens rank relatively low in palatability due to

course textured and strong flavored flesh, such pro-
tective measures will be beneficial in preventing
wanton waste of these potential spawners. Furthermore,
market values for adult reds are so low in comparison
with other species that fishermen making large catches
generally have no ready market and often have to give

them away.

2. Establish a minimum size limit of .twelve (12) inches total
length for the minimum creel length‘of red drum. The growth
rate for this species is so rapid that young specimens en-
tering the hook and line fishery for the first time in
mid-summer at approximately 10 inches length will be approxi-
mately 12 inches long by September. This measure basically
gives these fish two more growing months by letting them
reach 12 inches. Furthermore, many of these undersized fish

that will be released as a result of this measure will be
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recaptured the next season at a much larger size of
approximately 20 inches or three pounds. Such a

minimum size limit will help create a higher total

yield per recruit for this species. Furthermore,

those small red drum that are not recaptured a second

time could possibly survive to serve as brood stock at

a later date.

Establish a continuing standardized finfish monitoring
program for the major inshore recreational fish species

to determine current population levels and evaluate

future population trends. Such a data base would estab-
lish catch per unit effort values that can be linked with
recreational fishery statistics to determine fishing pres-
sure on individual stocks so that practical management
strategies can be practiced.

Continue life history studies on red drum with special
emphasis on the reproductive biology. This would entail
expanding the study area to include Georgia's oceanic
waters as it is assumed that this is the location of most
spawning activity.

Conduct a comprehensive marine recreational fishery survey
of coastal Georgia to determine the extent, value and rela-
tive fishing pressure being exerted by the marine recrea-
tional fishery. This initial survey would establish a
data base that will be used for comparison of future
periodic surveys to determine trends in the recreational
fishery as well as fishing pressure being exerted on indi—
vidual fish populations. Such information is absolutely
necessary for proper management of Georgia's recreational
fishery.

Continue the status quo regarding commercial gillnetting
activity in Georgia. This would include prohibiting any

additional gillnetting activities in Georgia's coastal
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waters. At present, gillnetting is not allowed for
any fish species other than shad and siqrgeon during
the commercial season opened specifically for these
species. From the strong evidence of territorality in
spotted seatrout, the estuarine dependence and general
lack of movement of red drum <4 years of age, and from
the apparently already depleted population of red drum
in Georgia's coastal waters, it is highly probable that
increased gillnetting activity would have an adverse
impact on these two most popular inshore fish species.
Georgia's sounds are relatively small in relation
to the much larger sounds and bays of other states where
gillnetting is légal. Gillnetting in Georgia could
quickly result in overfishing of these recreationally
important inshore species. Gillnetting activities would
be focused on the shoreline oyster beds'currently being
targeted by reéreational anglers, resulting in conflicts
between the two user groups. Several states with legal-
ized gillnetting are currently faced with the problem
of managing depleted fish stocks -- attributed to over-
fishing, and trying to resolve conflicts between commer-
cial and recreational user groups. Management strategies
have generally resﬁlted in allocation of the resources
between the user groups. Hopefully, if Georgia maintains
the status quo this will not be a problem and recreational

fishermen can continue to enjoy top quality fishing.
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